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Preface

Major depressive disorder (MDD) is a common disorder that is widely distributed in the
population and is usually associated with substantial symptom severity and role impair‐
ment. According to the fifth edition of DSM (DSM-5), major depressive episodes are charac‐
terized by depressed mood or loss of interest, or both, for more than 2 weeks, and four
symptoms from a list that includes changes in appetite and weight, changes in sleep and
psychomotor activity, lack of energy, feelings of guilt, problems thinking and making deci‐
sions and recurrent thoughts of death or suicide. A diagnosis of MDD can be made if a per‐
son suffers at least 1 such episode without ever experiencing mania or hypomania.
However, most people with MDD have multiple episodes.

MDD is a complex and heterogeneous disorder, both on a phenotypical and on a biological
level. MDD is not likely to result from a single gene or a single external event, but may be
caused by a complex interaction between genes and the environment in susceptible persons.
Until now, a gene or series of genes that cause MDD have not been identified. Rather, genes
clearly can be a risk factor for developing depression, increasing the likelihood that severe
environmental stress will precipitate the onset of this disease. Thus, a combination of genet‐
ics, early life stress, and ongoing stress may ultimately determine individual responsiveness
to stress and vulnerability to MDD.

Gene-environment interactions in the pathophysiology of MDD leads to advancement in
personalized medicine by means of genotyping for inter-individual variability in drug ac‐
tion and metabolism. Gene-environment interactions may explain why some subjects be‐
come depressed while others remain unaffected.

The aim of this book is to describe current knowledge of MDD from the point of view of
neurobiology, molecular genetics and cognition. In this book, Lee et al. comprehensively re‐
view the neurobiological mechanisms involved in the pathogenesis of depressive subtypes,
especially in melancholic and atypical depression. An understanding of the pathogenesis of
MDD based on subtypes is helpful in predicting an individual’s response to treatment for
MDD. For example, melancholic depression is associated with hyperactivity of the hypo‐
thalamic-pituitary-adrenal (HPA) axis whereas atypical depression is associated with hypo‐
activity of the HPA axis.

A number of studies have demonstrated that stress and depression can decrease brain-de‐
rived neurotrophic factor (BDNF) expression. BDNF shows an antidepressant-like effect by
antagonizing learned helplessness in stressed animals. Zhang et al. discussed the critical role
of BDNF in the pathogenesis and pathophysiology of MDD. Such studies have led to the
formulation of the neurotrophic hypothesis of depression, which proposes that reduced



neurotrophic factor levels predispose patients to depression, whereas increases in neurotro‐
phic factors produce an antidepressant action.

The pathogenesis of MDD remains unclear. MDD results from multiple genes interacting
with environmental factors such as early stressful life events.

Cocchi et al. addressed the molecular and quantum approach to psychopathology and con‐
sciousness from theory to practice. On the basis of their hypothesis, MDD is a real disease
with specific molecular features and expressions of consciousness, according to the concept
of symmetry breaking.

Jeon et al. discussed how neuroimaging research in MDD can reveal the relationship be‐
tween psychotherapy and brain function through a systemic and critical review of longitu‐
dinal studies published to date. The mechanisms of psychotherapy and medication appear
divergent. To explain these different mechanisms of action, it has been suggested that, while
psychotherapy may exert top-down effects targeting mainly frontal cortical regions and re‐
ducing dysfunctional thought processes, pharmacotherapy may produce bottom-up
changes by disengaging the ventral and limbic regions mediating attention to personally rel‐
evant emotional and environmental stimuli.

Feng et al. addressed the neurobiological mechanism of negative cognitive bias in MDD.
Beck’s cognitive-neurobiological model suggests that cognitive bias in MDD is due to mal‐
adaptive bottom-up processes generally perpetuated by attenuated cognitive control, and
has provided an evidence-based framework for conceptualizing and treating MDD.

Payne et al. examined the potential relationship between mental processing speed and de‐
pression in college students and confirmed that individuals reporting symptoms of moder‐
ate to severe depression have impaired mental speed, as measured by the discrimination
version of the inspection time measure. The findings of that study are consistent with the
cognitive slowing hypothesis, in which mental speed is disrupted and may lead to psycho‐
motor slowing.

I would like to thank all the contributors for their valuable time spent preparing manu‐
scripts and I believe this book will function as a step on the path toward the ultimate goal of
predicting, preventing, and treating MDD.

Yong-Ku Kim, M.D, Ph.D
Professor

Department of Psychiatry
College of Medicine

Korea University
Republic of Korea
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Chapter 1

Different Mechanisms Between Melancholic and
Atypical Depression

Hwa-Young Lee and Yong-Ku Kim

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/59959

1. Introduction

Major depressive disorder (MDD) is very prevalent and disable psychiatric disorder with
prevalence estimates ranging 5% to 20% [1, 2] and has been a growing public health concern
due to its recurrent and lethal nature. According to projections, MDD will become the second
leading cause of disability worldwide by the year 2020.[3]

Major depressive disorder is considered to be a clinically heterogeneous disorder and the
diagnosis is based on a patient’s symptoms, not on any laboratory tests. So, the pathophysi‐
ology of MDD is not clear. MDD results from multiple genetic factors interacting with many
various environmental factors, such as childhood adversity and many life stressful events.[4]

Although work in this area has been inconclusive, many animal, post-mortem, clinical, and
genetic studies have produced results implicating at least three neurobiological systems in the
pathogenesis of MDD: the monoamine system, the hypothalamic-pituitary-adrenal axis (HPA
axis), and neuroplasticity. Additionally, other biological factors, including inflammatory
markers, neurophysiologic markers, and neuroimaging markers may be associated with MDD.

Although recent decades have witnessed a tremendous revolution in the development of
antidepressant drugs, the neurochemical effects that underlie the therapeutic actions of these
agents remain largely unknown.

There has been increasing data showing that depressive disorders are heterogeneous, and
therefore, can vary with regard to HPA axis activity, immune function, and treatment response.
Considering the biological mechanisms of depressive subtypes, it is helpful to understand the
pathogenesis in order to more accurately predict an individual’s response to a specific
treatment for depression.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



Melancholic depression is distinguished by a loss of appetite and sleep; melancholic patients
are usually anxious and lose responsiveness to their environments. Those with melancholic
depression tend to feel worse in the morning, while those with atypical depression generally
feel worse in the evening.

Atypical depression is a subtype of depression that the DSM-5 defines as having the charac‐
teristics of reactive mood (including the ability to respond emotionally to environmental cues),
increased appetite, hypersomnia, leaden paralysis, and interpersonal rejection sensitivity.[5]
Patients with atypical depressive episodes generally have a younger mean age of onset than
those with typical depression.[3-7] Individuals with atypical depression are 2- to 3-fold more
likely to be women and often have a more chronic, unrelenting course of depression than
individuals with typical depression. In a sample of 8116 individuals aged 15–64 years, 17.1%
of the patients with a diagnosis of MDD had a history of atypical depression.[13] Of 1500
outpatients studied in the STAR*D (Sequenced Treatment Alternatives to Relieve Depression)
trial, 18.1% of patients in the trial had depression with atypical features, and women were
found to be 70% more likely to have atypical depression.[5] Studies of clinical populations
have shown 18–36% of patients with MDD present with atypical depression.[6]

In this chapter, we discuss the biological mechanisms involved in the pathogenesis of depres‐
sive subtypes.

2. Different mechanisms between melancholic and atypical depression

2.1. Hormonal axis

MDD generally features the hyperactivity of the hypothalamic-pituitaryadrenal (HPA), a
neuroendocrine abnormality[7] In particular, the majority of depressed patients exhibit
hypersecretion of cortisol in their plasma, urine, and cerebrospinal fluid (CSF), and a hyper‐
active cortisol response to adrenocorticotrophic hormone (ACTH).[8-10] To explain the
pathophysiology of MDD, the corticosteroid receptor hypothesis has been proposed. It focuses
on corticosteroid receptor resistance, which results in a reduction of the negative feedback of
cortisol, an increased production of corticotropin-releasing hormone (CRH), and ultimately,
hypercortisolism. [8]

Interestingly, the serotonin (5-HT) system is affected by both cortisol and CRH. [9, 11] 5-HT
transmission is stimulated by glucocorticoids(GCs) during the stress response.[12] Conversely,
during chronic psychosocial stress, 5-HT transmission is impaired and noradrenergic trans‐
mission in the hippocampus is suppressed resulting in hypercortisolism, which is similar to
the state of depression.[13] Depression may have a genetic component: it has been reported
that HPA axis dysregulation could be a genetically determined trait that contributes to an
increased susceptibility for depression. However, since the trait is found in both affected
subjects and in healthy relatives with a high familial risk, the HPA axis is an interesting
candidate endophenotype for affective disorders. [14, 15] Studies regarding the causes of the
dysregulated HPA axis in depression have mainly focused on two elements: i) glucocorticoid
receptor (GR) feedback mechanisms and ii) the CRH signaling system.

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms2
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A reduced sensitivity to cortisol, leading to an impaired negative feedback mechanism has
been attributed to resistant GR function. [16] In contrast, the CRH peptide mediates the
regulation of the HPA axis as well as autonomic and behavioral responses during stress.[17]
Furthermore, the functional action of antidepressants has been linked to the HPA axis.[8, 18]
Consequently, a proper clinical response to antidepressant treatment includes the normaliza‐
tion of the dysregulated HPA axis..[9, 19]

Susceptibility to MDD has also been associated with Bcl1 polymorphism, and it was found to
be predictive of treatment response.[20] Genetic association studies have yielded preliminary
evidence for a role of GR genetic variations in the genetic vulnerability for MDD. Pharmaco‐
genetic studies have investigated polymorphisms in components of the HPA axis in relation
to the treatment response to antidepressants. In line with a SNP in the CRH-binding pro‐
tein[21], a SNP in the FKPB5 protein involved in the regulation of GR sensitivity has been
reported to be associated with response to citalopram (Lekman et al., 2008). SNPs in the FKPB5
protein were also associated with response to citalopram in a large cohort study in Munich to
TCAs and SSRIs.[22] Taken together, the evidence for a role of GR and the GR gene in the
neurobiology of MDD is building rapidly.[23]

Most studies in melancholic depression have found that relative HPA axis hyperactivity
occurs, compared to non-depressed states, and that this is more likely to occur in more severe
forms of depression.[24] In addition to increased corticotropin-releasing hormone (CRH)
production, the overdrive in the HPA axis in depression has been attributed to both gluco‐
corticoids feedback insensitivity and to the overproduction of other corticotrophin secretago‐
gues insensitive to glucocorticoid feedback, such as arginine vasopressin.[25, 26] CRH and
arginine vasopressin (AVP) are the main secretagogues of the HPA/stress system. Produced
in the parvicellular division of the hypothalamic paraventricular nucleus, the release of these
peptides is influenced by input from monoaminergic neurones. In depression, anterior
pituitary CRH1 receptors are down-regulated and the resultant response to CRH infusion is
blunted. By contrast, vasopressin V3 receptors on the anterior pituitary show an enhanced
response to AVP stimulation and this enhancement plays a key role in maintaining HPA
hyperactivity.[26]

Contrary to melancholic depression, atypical depression has reversed vegetative symptoms,
i.e. hypersomnia and hyperphagia. The patients with melancholic depression show hypercor‐
tisolism and more disturbed sleep, as is strongly associated with high nocturnal ACTH and
cortisol secretion.[27] Weight loss is correlated with hypercortisolism and dexamethasone non-
suppression.[28, 29] Moreover, depressed patients without hypersomnia or increased appetite
were shown to have elevated urinary cortisol concentrations as compared to normal morning
plasma cortisol levels, as well as and a higher incidence of cortisol non-suppression after
dexamethasone compared to normal subjects.[30] In contrast to typically depressed patients,
those with hypersomnia and hyperphagia showed no change in morning plasma cortisol and
DST.[30, 31]

It has been presented that a relatively hyperactive HPA axis leads to the symptoms of melan‐
cholic depression, while a relatively hypoactive stress response leads to the symptoms of
atypical depression.[32] That is, CRH hypersecretion and hyposecretion correlate with the

Different Mechanisms Between Melancholic and Atypical Depression
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symptomatic pattern of melancholic and atypical depression, respectively. A recent meta-
analysis of 40 years of HPA axis research conducted has identified a pattern of relative
hypocortisolemia in atypical depression as compared to melancholic depression.[33]

Antonijevic expanded the concept and proposed that clinically relevant differences in the
underlying pathophysiology in patients with depression exist, and that the identification of
distinct endophenotypes for MDD will not only improve our understanding of the disease,
but will also contribute to more specific treatment strategies.[34] Concerning pharmacological
treatment, it was reported that the group of patients with atypical depression showed a
significantly higher cortisol response to desipramine, a relatively selective noradrenaline
reuptake inhibitor, than the group with no atypical symptoms and the group with mood
reactivity as the only atypical symptom, indicating that atypical depression may be associated
with a smaller impairment of the noradrenaline neurotransmitter system.[35] Similarly,
hypersecretion of corticotropin-releasing hormone (CRH) and the resulting hypercortisolism
were not found in patients with atypical depression.[36]

2.2. Neurotransmitter system

It has been hypothesized that a deficiency in serotonin is an essential determinant in the
pathogenesis of MDD. Consequently, the serotonin system has been thoroughly investigated
in a variety of MDD studies. The serotonin system projects from the dorsal raphe nucleus to
all regions of the brain, including the cerebral cortex and hippocampus. In depressed patients,
the diminished function and activity of the serotonin system has been confirmed in postmor‐
tem serotonin transporter and serotonin receptor studies. [citation?]

In suicide victims with MDD, enhanced radioligand binding of an agonist to inhibitory
serotonin-1A autoreceptors in the human dorsal raphe nucleus was found, supporting the
hypothesis regarding the reduced activity of serotonin neurons.[37] There appears to be a
strong trend of decreased 5-HT1A receptor expression in MDD. Biochemically, the polymor‐
phism of the C-1019G promoter (rs6295), a genetic variant of the 5-HT1A receptor, has shown
to have the G allele is more frequently in MDD.[38]

Imipramine may be a putative biological marker of depressive disorder. It binds to the
serotonin transporter (5-HTT) on platelets, and decreased imipramine binding may indicate
depressive disorder. A meta-analysis showed a highly significant decrease in maximal binding
values in depressed subject groups, which was further shown to be even greater among those
who had been free of medication for 4 weeks at the time of investigation. [39]

Tryptophan hydroxylase (TPH), which has two isoforms (TPH1 and TPH2), is a of the rate-
limiting factors in serotonin synthesis. Significantly higher numbers and densities of TPH
immunoreactive neurons in the dorsal raphe nuclei of alcohol-dependent, depressed suicide
victims compared to controls have been reported. [40] A deficient or impaired serotonin system
seems to correlate with depressive disorders, as evidenced by studies on the serotonin receptor,
TPH, and 5-HTT.

The norepinephrine (NE) system has been studied in depression, particularly the action of NE
reuptake inhibitors. Monoaminergic neurobiology, including norepinephrine, has been

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms4
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associated with the mechanism of action of serotonin norepinephrine reuptake inhibitors
(SNRIs), norepinephrine dopamine reuptake inhibitors (NDRIs), tricyclic and monoamine
oxidase inhibitor antidepressants. Furthermore, mirtazapine’s antidepressant effect seems to
be due to the dual enhancement of central noradrenergic and serotonergic neurotransmission
stemming from a blockade of adrenergic α2 receptors. [41-43]

The dopamine (DA) system has been reported to be highly associated with the symptomatol‐
ogy of depression, as the proposed pathogenesis of melancholic depression involves decreased
DA transmission.[44]

In addition to HPA axis activity, distinct alterations of the serotonergic system may also play
critical roles in the melancholic and atypical phenotypes, namely a reduced restraint of
serotonin synthesis via 5-HT(1A) autoreceptors in the former, and primarily through reduced
serotonin synthesis in the latter. Thus, the melancholic subtype with noradrenergic and HPA
axis overdrive seems to be associated with reduced 5-HT1A autoreceptor function and,
therefore, enhanced serotonergic activation of the HPA axis, as well as an acute phase immune
reaction. The latter contributes to HPA axis stimulation and reduces the negative feedback
inhibition from corticosteroid receptors. The resulting hypercortisolism can further impair 5-
HT1A receptor functions, leading to a vicious circle, which may not be effectively resolved by
most selective serotonin reuptake inhibitors (SSRIs).[32, 45] On the other hand, patients with
AD and low HPA activity seem to have reduced noradrenergic and serotonergic afferent
stimulation, possibly because of reduced serotonin (5-HT) synthesis and, unlike melancholic
patients, an unimpaired 5-HT1A autoreceptor function.[32, 46] Moreover, MAOIs have been
repeatedly found to be more effective for treating atypical depression than tricyclic antide‐
pressants (TCAs), which have potent noradrenergic properties. This distinction between
MAOIs and TCAs may indicate different biological mechanisms at work in patients with
atypical or melancholic depression.[18,19] In fact, some researchers have suggested that
serotonergic neurotransmission is more relevant than noradrenergic transmission to the
pathophysiology of atypical depression.[20] (Fig. 1)

2.3. Neuroinflammatory system

It has been suggested that dysregulation of the immune system, including the cytokine
network, is associated with the etiology and pathophysiology of depression.[47, 48] Peripheral
cytokines can communicate with brain cells by various mechanisms. Many studies have
suggested that imbalances in the cytokine network are associated with the pathophysiology
of depression.[49, 50] (please be consistent with your citation system)

There have been many studies suggesting that proinflammatory cytokines, which initiate
inflammatory immune responses, are associated with depression. First, patients and animals
administered IL-2 and IFN-α experience “sickness behaviors” that resembled depression:
insomnia, decreased appetite, loss of interest, and fatigue.[citation?] These “sickness behav‐
iors” improved when they were treated with antidepressants or when the cytokines were
withdrawn.[51, 52] Second, patients with depression that are otherwise healthy seem to have
activated inflammatory pathways, with increased pro-inflammatory cytokines, acute-phase
proteins, and increased expression of chemokines and adhesion molecules. Third, chronic
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inflammatory diseases such as multiple sclerosis and rheumatoid arthritis, are frequently
accompanied by depression (See the references in the introduction of [47]).

The pro-inflammatory cytokines have been found to have profound effects on the metabolism
of brain serotonin, dopamine, and noradrenaline in mice and rats [53]. Indeed, the activation
of inflammatory pathways within the brain is believed to contribute to a confluence of
decreased neurotrophic support and altered glutamate release/reuptake, as well as oxidative
stress, leading to excitotoxicity and loss of glial elements, consistent with neuropathologic
findings that characterize depressive disorders.[48] A recent meta-analysis convincingly
suggested that IL-6 and TNF-alpha levels are elevated in depressive patients.[54]

Adipocytes, the source of leptin, also produce cytokines, such as TNF-α and IL-6. Indeed, in
obese subjects, it has been estimated that about 30% of the circulating IL-6 is derived from
adipose tissue.[55] However, the effects of leptin are generally opposite those of the pro-
inflammatory cytokines, and include the induction of anorexia, anhedonia, and increased
sympathetic nervous system activity.[56]

The immune system plays an important role in the regulation of leptin production.[79] This
communication between the immune and adipose systems is bidirectional, since leptin in
turn  is  involved  in  the  regulation  of  immune  responses.  Indeed,  leptin  regulates  pro-
inflammatory immune responses, by up-regulating both phagocytosis and the production
of  pro-inflammatory  cytokines.  Moreover,  leptin  deficiency  is  accompanied  by  an  in‐
creased  susceptibility  to  endotoxin-induced  lethality  and  a  decreased  induction  of  anti-
inflammatory cytokines in rodents,[57] thus further suggesting close connections between
leptin and the immune system.

5-HT

NA DA DA DANA NA

5-HT 5-HT

Melancholic
depression

Balanced 
state

Atypical
depression

5-HT, serotonin. NA, noradrenaline. DA, dopamine.

Figure 1. Monoamine hypothesis of depression subtype. A simplistic and hypothetical model show that monoamines
are differently affected in atypical and melancholic depressions and that monoaminergic neurotransmission is ‘out of
tune’, rather than deficient. The circles represent the increased or decreased monoaminergic functioning and capacity.
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Hypersomnia is one of the main symptoms of atypical depression. Cytokines are important
sleep regulatory substances among many factors that are involved in sleep regulation. Among
cytokines, interleukin IL-1 and TNF-α have been determined to be important sleep-promoting
substances. Early studies in humans have shown that sleep onset is associated with the
increased activity of IL-1, followed by elevations of IL-2 that appeared to be related to a decline
in plasma cortisol and the appearance of slow wave sleep.[58] IL-4, one of the anti-somnogenic
cytokines, inhibits the production or release of other substances implicated in sleep regulation,
such as nuclear factor kappa B.

Atypical depression has been linked to decreased IL-4 and increased IL-2 compared to
individuals without atypical features in one study,[59] while another study reported decreased
IL-2 in atypical depression compared with controls.[60] Individuals with atypical depression
had significantly higher levels of inflammatory markers than persons with melancholic
depression and controls.[61] Overall, findings on inflammatory markers among those with
melancholic versus atypical depression have been contradictory. Taking into consideration a
meta-analysis that body mass index may interact with C-reactive protein and IL-6 to yield a
potential tri-directional relationship between adiposity, inflammation and depression,[62] the
high BMI levels of those with atypical depression may indicate a differential association
between atypical depression with inflammation compared with melancholic depression, as
was also postulated.[32]

2.4. Neuroplasicity

A time-lag in clinical response after the administration of an antidepressant drug suggests that
alterations in monoamine metabolism alone cannot explain the entire antidepressant effect. In
this respect, it was suggested that the mechanism of action of antidepressant drugs may be
associated with intracellular signal transduction pathways that are linked to the expression of
specific genes.[63]

The neuroplasticity hypothesis proposes that depression results from an inability to make the
appropriate neuronal proliferation in response to stress.[64] Brain-derived neurotrophic factor
(BDNF), an important member of the neurotrophin family, is a key component of the neuro‐
plasticity hypothesis. The molecule acts on neurons at both presynaptic and postsynaptic sites
by binding to its tyrosine kinase receptor (TrkB), resulting in the internalization of the BDNF
TrkB complex-signaling endosome. [65]

A growing body of evidence shows similar results through the direct measurements of BDNF
in the serum and plasma. [66-68] Antidepressants lead to the up-regulation of the cAMP
response element-binding (CREB) protein and an increase in the expression of neurotrophic
factors through their stimulation of intracellular pathways. By taking antidepressants,
depressed patients increase their serum BDNF levels close to the physiological level. [69-71]
Furthermore, studies show that the enhancement of BDNF expression may be an important
element in the clinical response to antidepressant treatment. [72] The BDNF molecule has been
shown to likely contribute to the ‘‘final common pathway’’ for different antidepressant
approaches. The various antidepressant approaches include: antidepressants [73], electrocon‐
vulsive therapy [73, 74], exercise [75, 76], and repetitive transcranial magnetic stimulation. [77]
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A meta-analysis including 1504 subjects indicated that BDNF levels increased significantly
after antidepressant treatment and that there was a significant correlation between changes in
BDNF levels and depression scores. The researchers also found a difference between pre-
treatment patients and healthy controls and a small, but significant, difference between treated
patients and healthy controls. [78]

Low serum BDNF levels have been found in depressed patients,  however, no study has
systematically investigated whether depression subtypes contribute to the low BDNF levels
found in depressed subjects. One study including 1070 patients with a diagnosis of major
depressive  disorder  within  the  past  6-month  diagnosis  from  the  Netherlands  Study  of
Depression and Anxiety (NESDA) was reported. The Composite International Diagnostic
Interview (CIDI) and Inventory of Depressive Symptoms (IDS) items were tested individu‐
ally  in  separate  multiple  regression  analyses  with  serum BDNF level  as  the  dependent
variable and the CIDI or IDS item as an independent variable. Subsequently, BDNF levels
were compared between patients with seasonal affective disorder (based on the Seasonal
Pattern Assessment Questionnaire) and melancholic depression, atypical depression, and
moderate  depression  (based  on  a  latent  class  analysis).  Serum  BDNF  levels  did  not
significantly differ between patients with melancholic depression, atypical depression, and
moderate depression.[79]

Another study with same subjects (NESDA) examined the association between serum levels
of BDNF and plasma levels of IL-6 and TNF-α in patients with MDD (n = 1070) and non-
depressed controls (n = 379). Multiple regression analyses with serum BDNF as the dependent
variable was used and the presence of BDNF–cytokine associations in DSM-IV-assigned
melancholic MDD patients was tested. Stratified analyses showed that BDNF levels are indeed
positively associated with IL-6 levels in MDD patients, but not in non-depressed controls.
When further stratified for melancholic and non-melancholic MDD, IL-6 emerged as a robust
positive predictor of BDNF only in the melancholic sample, wherein serum BDNF levels were
accordingly enhanced. Post-hoc exploratory analyses verified an accentuated positive associ‐
ation of BDNF levels with leucocyte counts in melancholia. No significant associations
emerged between BDNF and TNF-α.[80] Another study found that IL-6 and TNF-α specifically
enhanced BDNF secretion in monocytes, whereas typical Th1- and Th2-cytokines did not show
any effect on monocytes. Otherwise, only IL-6 and tumor necrosis factor-alpha (TNF-α) were
found to have the ability to enhance extracellular BDNF levels in human monocytes. Intrigu‐
ingly, levels of BDNF in antidepressant-free melancholics – the group presenting with the most
clear-cut BDNF–IL-6 association – was not significantly different from both non-melancholics
and controls, suggesting that low serum BDNF may not be a hallmark of melancholia.[81]. This
finding is concordant with a recent study showing that serum BDNF levels of antidepressant-
free melancholic patients are not different from healthy controls [82].

Although BDNF is believed to be transported over the blood – brain barrier [83], and significant
correlations have been found between peripheral BDNF and measures of central neuroplas‐
ticity [84], we cannot be sure that measuring serum BDNF reflects the brain expression of BDNF
adequately. Currently, however, measuring BDNF in the peripheral blood is the only feasible
method as other methods would be far more invasive.
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Conclusively, these few studies suggest that there is not much possibility of different neuro‐
plastic mechanisms between atypical and melancholic depression.

2.5. Neuroimaging factor

Recent neuroimaging studies have focused on the neurobiological differences between healthy
controls and abnormalities associated with MDD, such as dysfunctional or structural differ‐
ences in cerebral regions, including the prefrontal cortex, amygdala, anterior cingulate cortex
(ACC), and hippocampus. [85-88]

Regional CBF and metabolism are consistently increased in the amygdala, orbital cortex, and
medial thalamus, and decreased in the dorsomedial/dorsal anterolateral PFC and anterior
cingulate cortex ventral to the genu of the corpus callosum (subgenual PFC) on positron
emission tomography (PET) imaging studies in MDD subjects without medication, as com‐
pared to healthy controls. [89, 90] These circuits have also been implicated more generally in
emotional behavior.

Previous structural magnetic resonance imaging (MRI) studies using region-of-interest (ROI)
analyses have shown a variety of inconsistent findings. [91, 92] These inconsistencies can likely
be explained by variability in the ROI criteria between studies and inconsistency in ROI
validation.[91, 93, 94] Consequently, voxel-based morphometry (VBM)[95] is being increas‐
ingly used as a viable alternative methodology for detecting structural abnormalities in
patients with neuropsychiatric disorders, including MDD.[96-99] Previous MDD VBM studies
have also shown reduced gray matter density in the hippocampus. [97, 98, 100] Recently, it
has been reported that the gray matter density of several regions associated with emotion
regulation, particularly dorsal raphe nucleus, was lower in MDD patients.[101]

Because depression is heterogeneous, subtyping the disease will be helpful for understanding
imaging results. However, there are few imaging studies which were done according to
depression subtype. There is no VBM study.

One chimeric faces study measured of perceptual asymmetry and showed that those with
atypical depression differed from those with typical depression and controls in showing
abnormally large right hemisphere bias. A chimeric face consists of fusion of a neutral right
half-face with a smiling left half-face. Its mirror image (creating a neutral left half-face fused
with a smiling right half-face) is randomly placed above or below. The task is to quickly
determine which of the two faces is happier. Preference for choosing one side as happier
relative to the other has been interpreted as reflecting increased activation of the contralateral
parietal lobe,[102] although inhibitory mechanisms could also be hypothesized. This was
present in patients having either MDD or dysthymia and was not related to anxiety, physical
anhedonia, or vegetative symptoms. In contrast, patients with melancholic depression showed
essentially no right hemisphere bias. The authors suggest that this is further evidence that
atypical depression is a biologically-distinct subtype and underscores the importance of this
diagnostic distinction for neurophysiologic studies.[103]

Single photon emission computerized tomography (SPECT) in 50 depressed patients with
MDD, including subtype assessment indicated differential brain activity in patients with
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atypical depression compared with typical depression. [104] Patients with melancholic
depression (N=16) and patients with undifferentiated depression (N=20) each differed from
controls (N=20) in 10 brain regions, but did not differ from each other in any of the 17 regions.
In contrast, patients with atypical depression (N=14) differed from patients with melancholic
depression in nine regions and from patients with undifferentiated depression in 10 regions,
while showing differences from controls in five brain regions. In two brain regions, patients
with atypical depression differed from both controls and at least one of the other depressed
groups (Table 1). Conclusively, those with atypical depression had increased frontal, temporal,
and parietal perfusion coupled with decreased occipital perfusion, relative to the other two
depressed groups. Patients with atypical depression also had increased right frontal perfusion,
whereas those with melancholia and undifferentiated depression had decreased perfusion in
the majority of nonoccipital regions, relative to controls. Thus, all three depressed groups
showed abnormal perfusion, but the patterns differed. Melancholia and undifferentiated
depression had similar patterns of abnormal perfusion that differed from those with atypical
depression.

Region M vs. C U vs. C A vs. C A vs. M A vs. U M vs. U

Brain stem

Right frontal ↑ ↑ ↑

Left frontal ↓ ↑

Right parietal ↓ ↓ ↓

Left parietal ↓ ↓ ↓

Right medial temporal ↓ ↓ ↑ ↑

Left medial temporal ↓ ↑ ↑

Right lateral temporal ↓ ↓ ↑ ↑

Left lateral temporal ↓ ↓ ↑ ↑

Right occipital ↓ ↓

Left occipital ↓ ↓ ↓

Right thalamus ↑

Left thalamus ↓ ↓

Right globus pallidus

Left globus pallidus ↓ ↓ ↑

Right caudate ↓ ↓ ↑

Left caudate ↓ ↓ ↑ ↑

A, atypical depression. C, control. M, melancholic depression. U, undifferentiated depression.

↑ , first group is significantly increased relative to the second group.

↓ , first group is significantly decreased relative to the second group.

Table 1. Perfusion findings of depressed patients and controls [129], adapted from [105].
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These imaging studies are consistent, suggesting that atypical depression does not have the
biological features of melancholia.

3. Conclusions

Major depressive disorder is considered to be a clinically heterogeneous disorder and the
diagnosis is based on a patient’s symptoms, not on any laboratory tests. Consequently, MDD’s
pathophysiology is unsettled. Currently, researchers have determined that MDD results from
the interaction of multiple genetic factors and various environmental factors, such as childhood
adversity and many stressful life events. Although the development of antidepressant drugs
has skyrocketed in recent decades, the neurobiological effects underlying the therapeutic
actions of these agents remain poorly understood. Considering the biological mechanism of
depressive subtypes, it is helpful to understand the pathogenesis of each depressive disorder
in order to predict an individual’s response to treatment for MDD. For example, melancholic
depression is associated with hyperactivity of the HPA axis while atypical depression is
associated with hypoactivity of the HPA axis. Researchers have searched for biological
mechanisms according to depression subtypes in an effort tto understand the pathogenesis of
depression subtypes.

Concerning pharmacological treatment, it was reported that the group of patients with atypical
depression showed a significantly higher cortisol response to desipramine, a relatively
selective noradrenaline reuptake inhibitor, than a group with no atypical symptoms and a
group with mood reactivity as the only atypical symptom, indicating that atypical depression
may be associated with a smaller impairment of the noradrenaline neurotransmitter system.
Similarly, hypersecretion of corticotropin-releasing hormone (CRH) and the resulting hyper‐
cortisolism were not found in patients with atypical depression. Imaging studies are consistent
with that finding, suggesting that atypical depression does not have the biological features of
melancholia.

The results are summarized in Table 2.

Melancholic depression Atypical depression

DSM-5 subsymptoms per subtype[5]:

A. One of the following:
1. Loss of pleasure
2. Lack of reactivity to usually pleasurable stimuli

A. Mood reactivity

B. Three of following:
1. Depressed mood with profound despondency, despair ,
moroseness
2. Symptoms at worst in morning
3. Early-morning awakening

B. Two of the following:
1. Weight gain/increase in appetite
2. Hypersomnia
3. Leaden paralysis
4. Interpersonal rejection sensitivity
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Melancholic depression Atypical depression

4. Psychomotor agitation/retardation
5. Anorexia or weight loss
6. Guilt

C. Criteria are not met for “with melancholic features” or
“with catatonia” during the same episode.

Neurobiological mechanisms per subtype:

Increased sympathetic activity Decreased sympathetic activity

Hyperactive HPA axis Hypoactive HPA axis

Activated CRF system CRF deficiency

Increased susceptibility for infection Increased susceptibility for inflammation

Low BDNF Low BDNF

Increased right frontal or parietal region in imaging studies

DSM, Diagnostic and Statistical Manual of Mental Disorders.

Table 2. Different clinical symptoms and biological mechanisms between melancholic and atypical depression based
on the DSM-5

Acknowledgements

This work was supported by a grant of Soonchunhyang University.

Author details

Hwa-Young Lee1* and Yong-Ku Kim2

*Address all correspondence to: leehway@gmail.com

1 Department of Psychiatry, College of Medicine, Soonchunhyang University, Republic of
Korea

2 Department of Psychiatry, College of Medicine, Korea University, Republic of Korea

References

[1] Bierut, L.J., et al., Major depressive disorder in a community-based twin sample: are there
different genetic and environmental contributions for men and women? Arch Gen Psychia‐
try, 1999. 56(6): p. 557-63.

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms12



Melancholic depression Atypical depression

4. Psychomotor agitation/retardation
5. Anorexia or weight loss
6. Guilt

C. Criteria are not met for “with melancholic features” or
“with catatonia” during the same episode.

Neurobiological mechanisms per subtype:

Increased sympathetic activity Decreased sympathetic activity

Hyperactive HPA axis Hypoactive HPA axis

Activated CRF system CRF deficiency

Increased susceptibility for infection Increased susceptibility for inflammation

Low BDNF Low BDNF

Increased right frontal or parietal region in imaging studies

DSM, Diagnostic and Statistical Manual of Mental Disorders.

Table 2. Different clinical symptoms and biological mechanisms between melancholic and atypical depression based
on the DSM-5

Acknowledgements

This work was supported by a grant of Soonchunhyang University.

Author details

Hwa-Young Lee1* and Yong-Ku Kim2

*Address all correspondence to: leehway@gmail.com

1 Department of Psychiatry, College of Medicine, Soonchunhyang University, Republic of
Korea

2 Department of Psychiatry, College of Medicine, Korea University, Republic of Korea

References

[1] Bierut, L.J., et al., Major depressive disorder in a community-based twin sample: are there
different genetic and environmental contributions for men and women? Arch Gen Psychia‐
try, 1999. 56(6): p. 557-63.

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms12

[2] Hamet, P. and J. Tremblay, Genetics and genomics of depression. Metabolism, 2005. 54(5
Suppl 1): p. 10-5.

[3] Murray, C.J. and A.D. Lopez, Global mortality, disability, and the contribution of risk fac‐
tors: Global Burden of Disease Study. Lancet, 1997. 349(9063): p. 1436-42.

[4] Caspi, A., et al., Influence of life stress on depression: moderation by a polymorphism in the
5-HTT gene. Science, 2003. 301(5631): p. 386-9.

[5] American Psychiatric Association, Diagnostic and statistical manual of mental disorders:
DSM-5, 5th edition. Washington DC: American Psychiatric Association. 2013.

[6] Thase, M.E., Recognition and diagnosis of atypical depression. J Clin Psychiatry, 2007. 68
Suppl 8: p. 11-6.

[7] Holsboer, F., The rationale for corticotropin-releasing hormone receptor (CRH-R) antago‐
nists to treat depression and anxiety. J Psychiatr Res, 1999. 33(3): p. 181-214.

[8] Holsboer, F., The corticosteroid receptor hypothesis of depression. Neuropsychopharma‐
cology, 2000. 23(5): p. 477-501.

[9] Holsboer, F. and N. Barden, Antidepressants and hypothalamic-pituitary-adrenocortical
regulation. Endocr Rev, 1996. 17(2): p. 187-205.

[10] Nemeroff, C.B., The corticotropin-releasing factor (CRF) hypothesis of depression: new find‐
ings and new directions. Mol Psychiatry, 1996. 1(4): p. 336-42.

[11] De Kloet, E.R., et al., Brain corticosteroid receptor balance in health and disease. Endocr
Rev, 1998. 19(3): p. 269-301.

[12] Meijer, O.C. and E.R. de Kloet, Corticosterone and serotonergic neurotransmission in the
hippocampus: functional implications of central corticosteroid receptor diversity. Crit Rev
Neurobiol, 1998. 12(1-2): p. 1-20.

[13] Wolkowitz, O.M., et al., Ketoconazole administration in hypercortisolemic depression. Am
J Psychiatry, 1993. 150(5): p. 810-2.

[14] Holsboer, F., et al., Altered hypothalamic-pituitary-adrenocortical regulation in healthy
subjects at high familial risk for affective disorders. Neuroendocrinology, 1995. 62(4): p.
340-7.

[15] Modell, S., et al., Hormonal response pattern in the combined DEX-CRH test is stable over
time in subjects at high familial risk for affective disorders. Neuropsychopharmacology,
1998. 18(4): p. 253-62.

[16] Pariante, C.M. and A.H. Miller, Glucocorticoid receptors in major depression: relevance to
pathophysiology and treatment. Biol Psychiatry, 2001. 49(5): p. 391-404.

[17] Arborelius, L., et al., The role of corticotropin-releasing factor in depression and anxiety dis‐
orders. J Endocrinol, 1999. 160(1): p. 1-12.

Different Mechanisms Between Melancholic and Atypical Depression
http://dx.doi.org/10.5772/59959

13



[18] Nemeroff, C.B. and M.J. Owens, Treatment of mood disorders. Nat Neurosci, 2002. 5
Suppl: p. 1068-70.

[19] Nemeroff, C.B., The role of corticotropin-releasing factor in the pathogenesis of major de‐
pression. Pharmacopsychiatry, 1988. 21(2): p. 76-82.

[20] Lee, H., et al., Association of glucocorticoid receptor polymorphisms with the susceptibility
to major depressive disorder and treatment responses in Korean depressive patients. Acta
Neuropsychiatrica, 2009. 21(1): p. 11-17.

[21] Binder, E.B., et al., Association of polymorphisms in genes regulating the corticotropin-re‐
leasing factor system with antidepressant treatment response. Arch Gen Psychiatry, 2010.
67(4): p. 369-79.

[22] Binder, E.B., et al., Polymorphisms in FKBP5 are associated with increased recurrence of de‐
pressive episodes and rapid response to antidepressant treatment. Nat Genet, 2004. 36(12):
p. 1319-25.

[23] Claes, S., Glucocorticoid receptor polymorphisms in major depression. Ann N Y Acad Sci,
2009. 1179: p. 216-28.

[24] Lightman, S.L., The neuroendocrinology of stress: a never ending story. J Neuroendocri‐
nol, 2008. 20(6): p. 880-4.

[25] Dinan, T.G., et al., Further neuroendocrine evidence of enhanced vasopressin V3 receptor re‐
sponses in melancholic depression. Psychol Med, 2004. 34(1): p. 169-72.

[26] Dinan, T.G. and L.V. Scott, Anatomy of melancholia: focus on hypothalamic-pituitary-adre‐
nal axis overactivity and the role of vasopressin. J Anat, 2005. 207(3): p. 259-64.

[27] Antonijevic, I.A., et al., Sexually dimorphic effects of GHRH on sleep-endocrine activity in
patients with depression and normal controls - part II: hormone secretion. Sleep Res Online,
2000. 3(1): p. 15-21.

[28] Casper, R.C., et al., Weight loss, cortisol levels, and dexamethasone suppression in major de‐
pressive disorder. Acta Psychiatr Scand, 1987. 75(3): p. 243-50.

[29] Miller, K.B. and J.C. Nelson, Does the dexamethasone suppression test relate to subtypes,
factors, symptoms, or severity? Arch Gen Psychiatry, 1987. 44(9): p. 769-74.

[30] Casper, R.C., et al., Cortisol measures in primary major depressive disorder with hypersom‐
nia or appetite increase. J Affect Disord, 1988. 15(2): p. 131-40.

[31] Thase, M.E., et al., Sleep EEG and DST findings in anergic bipolar depression. Am J Psy‐
chiatry, 1989. 146(3): p. 329-33.

[32] Gold, P.W. and G.P. Chrousos, Organization of the stress system and its dysregulation in
melancholic and atypical depression: high vs low CRH/NE states. Mol Psychiatry, 2002.
7(3): p. 254-75.

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms14



[18] Nemeroff, C.B. and M.J. Owens, Treatment of mood disorders. Nat Neurosci, 2002. 5
Suppl: p. 1068-70.

[19] Nemeroff, C.B., The role of corticotropin-releasing factor in the pathogenesis of major de‐
pression. Pharmacopsychiatry, 1988. 21(2): p. 76-82.

[20] Lee, H., et al., Association of glucocorticoid receptor polymorphisms with the susceptibility
to major depressive disorder and treatment responses in Korean depressive patients. Acta
Neuropsychiatrica, 2009. 21(1): p. 11-17.

[21] Binder, E.B., et al., Association of polymorphisms in genes regulating the corticotropin-re‐
leasing factor system with antidepressant treatment response. Arch Gen Psychiatry, 2010.
67(4): p. 369-79.

[22] Binder, E.B., et al., Polymorphisms in FKBP5 are associated with increased recurrence of de‐
pressive episodes and rapid response to antidepressant treatment. Nat Genet, 2004. 36(12):
p. 1319-25.

[23] Claes, S., Glucocorticoid receptor polymorphisms in major depression. Ann N Y Acad Sci,
2009. 1179: p. 216-28.

[24] Lightman, S.L., The neuroendocrinology of stress: a never ending story. J Neuroendocri‐
nol, 2008. 20(6): p. 880-4.

[25] Dinan, T.G., et al., Further neuroendocrine evidence of enhanced vasopressin V3 receptor re‐
sponses in melancholic depression. Psychol Med, 2004. 34(1): p. 169-72.

[26] Dinan, T.G. and L.V. Scott, Anatomy of melancholia: focus on hypothalamic-pituitary-adre‐
nal axis overactivity and the role of vasopressin. J Anat, 2005. 207(3): p. 259-64.

[27] Antonijevic, I.A., et al., Sexually dimorphic effects of GHRH on sleep-endocrine activity in
patients with depression and normal controls - part II: hormone secretion. Sleep Res Online,
2000. 3(1): p. 15-21.

[28] Casper, R.C., et al., Weight loss, cortisol levels, and dexamethasone suppression in major de‐
pressive disorder. Acta Psychiatr Scand, 1987. 75(3): p. 243-50.

[29] Miller, K.B. and J.C. Nelson, Does the dexamethasone suppression test relate to subtypes,
factors, symptoms, or severity? Arch Gen Psychiatry, 1987. 44(9): p. 769-74.

[30] Casper, R.C., et al., Cortisol measures in primary major depressive disorder with hypersom‐
nia or appetite increase. J Affect Disord, 1988. 15(2): p. 131-40.

[31] Thase, M.E., et al., Sleep EEG and DST findings in anergic bipolar depression. Am J Psy‐
chiatry, 1989. 146(3): p. 329-33.

[32] Gold, P.W. and G.P. Chrousos, Organization of the stress system and its dysregulation in
melancholic and atypical depression: high vs low CRH/NE states. Mol Psychiatry, 2002.
7(3): p. 254-75.

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms14

[33] Stetler, C. and G.E. Miller, Depression and hypothalamic-pituitary-adrenal activation: a
quantitative summary of four decades of research. Psychosom Med, 2011. 73(2): p. 114-26.

[34] Antonijevic, I.A., Depressive disorders -- is it time to endorse different pathophysiologies?
Psychoneuroendocrinology, 2006. 31(1): p. 1-15.

[35] McGinn, L.K., G.M. Asnis, and E. Rubinson, Biological and clinical validation of atypical
depression. Psychiatry Res, 1996. 60(2-3): p. 191-8.

[36] Geracioti, T.D., Jr., P.T. Loosen, and D.N. Orth, Low cerebrospinal fluid corticotropin-re‐
leasing hormone concentrations in eucortisolemic depression. Biol Psychiatry, 1997. 42(3):
p. 165-74.

[37] Stockmeier, C.A., et al., Increase in serotonin-1A autoreceptors in the midbrain of suicide
victims with major depression-postmortem evidence for decreased serotonin activity. J Neu‐
rosci, 1998. 18(18): p. 7394-401.

[38] Lemonde, S., et al., Impaired repression at a 5-hydroxytryptamine 1A receptor gene poly‐
morphism associated with major depression and suicide. J Neurosci, 2003. 23(25): p.
8788-99.

[39] Ellis, P.M. and C. Salmond, Is platelet imipramine binding reduced in depression? A meta-
analysis. Biol Psychiatry, 1994. 36(5): p. 292-9.

[40] Bonkale, W.L., G. Turecki, and M.C. Austin, Increased tryptophan hydroxylase immunor‐
eactivity in the dorsal raphe nucleus of alcohol-dependent, depressed suicide subjects is re‐
stricted to the dorsal subnucleus. Synapse, 2006. 60(1): p. 81-5.

[41] Herman, G.M., Pharmacology of Antidepressant: Selectivity or Multiplicity? J Clin Psy‐
chiatry, 1999. 60 suppl 17: p. 4-8.

[42] Kasper, S., Efficacy of antidepressants in the treatment of severe depression: the place of mir‐
tazapine. J Clin Psychopharmacol, 1997. 17 Suppl 1: p. 19S-28S.

[43] Preskorn, S.H., Selection of an antidepressant: mirtazapine. J Clin Psychiatry, 1997. 58
Suppl 6: p. 3-8.

[44] Geracitano, R., et al., On the effects of psychostimulants, antidepressants, and the antipar‐
kinsonian drug levodopa on dopamine neurons. Ann N Y Acad Sci, 2006. 1074: p. 320-9.

[45] Tsigos, C. and G.P. Chrousos, Hypothalamic-pituitary-adrenal axis, neuroendocrine fac‐
tors and stress. J Psychosom Res, 2002. 53(4): p. 865-71.

[46] Owens, M.J. and C.B. Nemeroff, Role of serotonin in the pathophysiology of depression:
focus on the serotonin transporter. Clin Chem, 1994. 40(2): p. 288-95.

[47] Kim, Y.K., et al., Cytokine imbalance in the pathophysiology of major depressive disorder.
Prog Neuropsychopharmacol Biol Psychiatry, 2007. 31(5): p. 1044-53.

[48] Miller, A.H., V. Maletic, and C.L. Raison, Inflammation and its discontents: the role of cy‐
tokines in the pathophysiology of major depression. Biol Psychiatry, 2009. 65(9): p. 732-41.

Different Mechanisms Between Melancholic and Atypical Depression
http://dx.doi.org/10.5772/59959

15



[49] Kronfol, Z., Immune dysregulation in major depression: a critical review of existing evi‐
dence. Int J Neuropsychopharmacol, 2002. 5(4): p. 333-43.

[50] Schiepers, O.J., M.C. Wichers, and M. Maes, Cytokines and major depression. Prog Neu‐
ropsychopharmacol Biol Psychiatry, 2005. 29(2): p. 201-17.

[51] Bonaccorso, S., et al., Increased depressive ratings in patients with hepatitis C receiving in‐
terferon-alpha-based immunotherapy are related to interferon-alpha-induced changes in the
serotonergic system. J Clin Psychopharmacol, 2002. 22(1): p. 86-90.

[52] Capuron, L., A. Ravaud, and R. Dantzer, Early depressive symptoms in cancer patients
receiving interleukin 2 and/or interferon alfa-2b therapy. J Clin Oncol, 2000. 18(10): p.
2143-51.

[53] Dunn, A.J., J. Wang, and T. Ando, Effects of cytokines on cerebral neurotransmission.
Comparison with the effects of stress. Adv Exp Med Biol, 1999. 461: p. 117-27.

[54] Dowlati, Y., et al., A meta-analysis of cytokines in major depression. Biol Psychiatry, 2010.
67(5): p. 446-57.

[55] Yudkin, J.S., et al., Inflammation, obesity, stress and coronary heart disease: is interleukin-6
the link? Atherosclerosis, 2000. 148(2): p. 209-14.

[56] Haynes, W.G., et al., Receptor-mediated regional sympathetic nerve activation by leptin. J
Clin Invest, 1997. 100(2): p. 270-8.

[57] Faggioni, R., et al., Leptin deficiency enhances sensitivity to endotoxin-induced lethality.
Am J Physiol, 1999. 276(1 Pt 2): p. R136-42.

[58] Moldofsky, H., et al., The relationship of interleukin-1 and immune functions to sleep in
humans. Psychosom Med, 1986. 48(5): p. 309-18.

[59] Yoon, H.K., et al., Role of cytokines in atypical depression. Nord J Psychiatry, 2012. 66(3):
p. 183-8.

[60] Anisman, H., et al., Endocrine and cytokine correlates of major depression and dysthymia
with typical or atypical features. Mol Psychiatry, 1999. 4(2): p. 182-8.

[61] Lamers, F., et al., Evidence for a differential role of HPA-axis function, inflammation and
metabolic syndrome in melancholic versus atypical depression. Mol Psychiatry, 2013. 18(6):
p. 692-9.

[62] Howren, M.B., D.M. Lamkin, and J. Suls, Associations of depression with C-reactive pro‐
tein, IL-1, and IL-6: a meta-analysis. Psychosom Med, 2009. 71(2): p. 171-86.

[63] Duman, R.S., et al., Neuronal plasticity and survival in mood disorders. Biol Psychiatry,
2000. 48(8): p. 732-9.

[64] Popoli, M., M. Gennarelli, and G. Racagni, Modulation of synaptic plasticity by stress
and antidepressants. Bipolar Disord, 2002. 4(3): p. 166-82.

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms16



[49] Kronfol, Z., Immune dysregulation in major depression: a critical review of existing evi‐
dence. Int J Neuropsychopharmacol, 2002. 5(4): p. 333-43.

[50] Schiepers, O.J., M.C. Wichers, and M. Maes, Cytokines and major depression. Prog Neu‐
ropsychopharmacol Biol Psychiatry, 2005. 29(2): p. 201-17.

[51] Bonaccorso, S., et al., Increased depressive ratings in patients with hepatitis C receiving in‐
terferon-alpha-based immunotherapy are related to interferon-alpha-induced changes in the
serotonergic system. J Clin Psychopharmacol, 2002. 22(1): p. 86-90.

[52] Capuron, L., A. Ravaud, and R. Dantzer, Early depressive symptoms in cancer patients
receiving interleukin 2 and/or interferon alfa-2b therapy. J Clin Oncol, 2000. 18(10): p.
2143-51.

[53] Dunn, A.J., J. Wang, and T. Ando, Effects of cytokines on cerebral neurotransmission.
Comparison with the effects of stress. Adv Exp Med Biol, 1999. 461: p. 117-27.

[54] Dowlati, Y., et al., A meta-analysis of cytokines in major depression. Biol Psychiatry, 2010.
67(5): p. 446-57.

[55] Yudkin, J.S., et al., Inflammation, obesity, stress and coronary heart disease: is interleukin-6
the link? Atherosclerosis, 2000. 148(2): p. 209-14.

[56] Haynes, W.G., et al., Receptor-mediated regional sympathetic nerve activation by leptin. J
Clin Invest, 1997. 100(2): p. 270-8.

[57] Faggioni, R., et al., Leptin deficiency enhances sensitivity to endotoxin-induced lethality.
Am J Physiol, 1999. 276(1 Pt 2): p. R136-42.

[58] Moldofsky, H., et al., The relationship of interleukin-1 and immune functions to sleep in
humans. Psychosom Med, 1986. 48(5): p. 309-18.

[59] Yoon, H.K., et al., Role of cytokines in atypical depression. Nord J Psychiatry, 2012. 66(3):
p. 183-8.

[60] Anisman, H., et al., Endocrine and cytokine correlates of major depression and dysthymia
with typical or atypical features. Mol Psychiatry, 1999. 4(2): p. 182-8.

[61] Lamers, F., et al., Evidence for a differential role of HPA-axis function, inflammation and
metabolic syndrome in melancholic versus atypical depression. Mol Psychiatry, 2013. 18(6):
p. 692-9.

[62] Howren, M.B., D.M. Lamkin, and J. Suls, Associations of depression with C-reactive pro‐
tein, IL-1, and IL-6: a meta-analysis. Psychosom Med, 2009. 71(2): p. 171-86.

[63] Duman, R.S., et al., Neuronal plasticity and survival in mood disorders. Biol Psychiatry,
2000. 48(8): p. 732-9.

[64] Popoli, M., M. Gennarelli, and G. Racagni, Modulation of synaptic plasticity by stress
and antidepressants. Bipolar Disord, 2002. 4(3): p. 166-82.

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms16

[65] Lu, B., BDNF and activity-dependent synaptic modulation. Learn Mem, 2003. 10(2): p.
86-98.

[66] Karege, F., et al., Decreased serum brain-derived neurotrophic factor levels in major de‐
pressed patients. Psychiatry Res, 2002. 109(2): p. 143-8.

[67] Karege, F., et al., Low brain-derived neurotrophic factor (BDNF) levels in serum of de‐
pressed patients probably results from lowered platelet BDNF release unrelated to platelet re‐
activity. Biol Psychiatry, 2005. 57(9): p. 1068-72.

[68] Shimizu, E., et al., Alterations of serum levels of brain-derived neurotrophic factor (BDNF)
in depressed patients with or without antidepressants. Biol Psychiatry, 2003. 54(1): p. 70-5.

[69] Aydemir, O., A. Deveci, and F. Taneli, The effect of chronic antidepressant treatment on
serum brain-derived neurotrophic factor levels in depressed patients: a preliminary study.
Prog Neuropsychopharmacol Biol Psychiatry, 2005. 29(2): p. 261-5.

[70] Gervasoni, N., et al., Partial normalization of serum brain-derived neurotrophic factor in re‐
mitted patients after a major depressive episode. Neuropsychobiology, 2005. 51(4): p.
234-8.

[71] Gonul, A.S., et al., Effect of treatment on serum brain-derived neurotrophic factor levels in
depressed patients. Eur Arch Psychiatry Clin Neurosci, 2005. 255(6): p. 381-6.

[72] Russo-Neustadt, A., et al., Physical activity-antidepressant treatment combination: impact
on brain-derived neurotrophic factor and behavior in an animal model. Behav Brain Res,
2001. 120(1): p. 87-95.

[73] Nibuya, M., S. Morinobu, and R.S. Duman, Regulation of BDNF and trkB mRNA in rat
brain by chronic electroconvulsive seizure and antidepressant drug treatments. J Neurosci,
1995. 15(11): p. 7539-47.

[74] Altar, C.A., et al., Effects of electroconvulsive seizures and antidepressant drugs on brain-
derived neurotrophic factor protein in rat brain. Biol Psychiatry, 2003. 54(7): p. 703-9.

[75] Oliff, H.S., et al., Exercise-induced regulation of brain-derived neurotrophic factor (BDNF)
transcripts in the rat hippocampus. Brain Res Mol Brain Res, 1998. 61(1-2): p. 147-53.

[76] Garcia, C., et al., The influence of specific noradrenergic and serotonergic lesions on the ex‐
pression of hippocampal brain-derived neurotrophic factor transcripts following voluntary
physical activity. Neuroscience, 2003. 119(3): p. 721-32.

[77] Muller, M.B., et al., Long-term repetitive transcranial magnetic stimulation increases the
expression of brain-derived neurotrophic factor and cholecystokinin mRNA, but not neuro‐
peptide tyrosine mRNA in specific areas of rat brain. Neuropsychopharmacology, 2000.
23(2): p. 205-15.

[78] Brunoni, A.R., M. Lopes, and F. Fregni, A systematic review and meta-analysis of clinical
studies on major depression and BDNF levels: implications for the role of neuroplasticity in
depression. Int J Neuropsychopharmacol, 2008. 11(8): p. 1169-80.

Different Mechanisms Between Melancholic and Atypical Depression
http://dx.doi.org/10.5772/59959

17



[79] Bus, B.A., et al., Low serum BDNF levels in depressed patients cannot be attributed to indi‐
vidual depressive symptoms or symptom cluster. World J Biol Psychiatry, 2014. 15(7): p.
561-9.

[80] Patas, K., et al., Association between serum brain-derived neurotrophic factor and plasma in‐
terleukin-6 in major depressive disorder with melancholic features. Brain Behav Immun,
2014. 36: p. 71-9.

[81] Schulte-Herbruggen, O., et al., Tumor necrosis factor-alpha and interleukin-6 regulate se‐
cretion of brain-derived neurotrophic factor in human monocytes. J Neuroimmunol, 2005.
160(1-2): p. 204-9.

[82] Kotan, Z., et al., Serum brain-derived neurotrophic factor, vascular endothelial growth factor
and leptin levels in patients with a diagnosis of severe major depressive disorder with melan‐
cholic features. Ther Adv Psychopharmacol, 2012. 2(2): p. 65-74.

[83] Karege, F., M. Schwald, and M. Cisse, Postnatal developmental profile of brain-derived
neurotrophic factor in rat brain and platelets. Neurosci Lett, 2002. 328(3): p. 261-4.

[84] Lang, U.E., et al., Correlation between serum brain-derived neurotrophic factor level and an
in vivo marker of cortical integrity. Biol Psychiatry, 2007. 62(5): p. 530-5.

[85] Canli, T., et al., Brain activation to emotional words in depressed vs healthy subjects. Neu‐
roreport, 2004. 15(17): p. 2585-8.

[86] Frodl, T., et al., Hippocampal and amygdala changes in patients with major depressive disor‐
der and healthy controls during a 1-year follow-up. J Clin Psychiatry, 2004. 65(4): p. 492-9.

[87] Henriques, J.B., Davidson, R.J., Decreased responsiveness to reward in depression. COG‐
NITION AND EMOTION, 2000. 15(5): p. 711-724.

[88] MacQueen, G.M., et al., Course of illness, hippocampal function, and hippocampal volume
in major depression. Proc Natl Acad Sci U S A, 2003. 100(3): p. 1387-92.

[89] Drevets, W.C., Neuroimaging and neuropathological studies of depression: implications for
the cognitive-emotional features of mood disorders. Curr Opin Neurobiol, 2001. 11(2): p.
240-9.

[90] Manji, H.K., W.C. Drevets, and D.S. Charney, The cellular neurobiology of depression.
Nat Med, 2001. 7(5): p. 541-7.

[91] Konarski, J.Z., et al., Volumetric neuroimaging investigations in mood disorders: bipolar
disorder versus major depressive disorder. Bipolar Disord, 2008. 10(1): p. 1-37.

[92] Lorenzetti, V., et al., Structural brain abnormalities in major depressive disorder: a selective
review of recent MRI studies. J Affect Disord, 2009. 117(1-2): p. 1-17.

[93] Goldstein, J.M., et al., Cortical abnormalities in schizophrenia identified by structural mag‐
netic resonance imaging. Arch Gen Psychiatry, 1999. 56(6): p. 537-47.

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms18



[79] Bus, B.A., et al., Low serum BDNF levels in depressed patients cannot be attributed to indi‐
vidual depressive symptoms or symptom cluster. World J Biol Psychiatry, 2014. 15(7): p.
561-9.

[80] Patas, K., et al., Association between serum brain-derived neurotrophic factor and plasma in‐
terleukin-6 in major depressive disorder with melancholic features. Brain Behav Immun,
2014. 36: p. 71-9.

[81] Schulte-Herbruggen, O., et al., Tumor necrosis factor-alpha and interleukin-6 regulate se‐
cretion of brain-derived neurotrophic factor in human monocytes. J Neuroimmunol, 2005.
160(1-2): p. 204-9.

[82] Kotan, Z., et al., Serum brain-derived neurotrophic factor, vascular endothelial growth factor
and leptin levels in patients with a diagnosis of severe major depressive disorder with melan‐
cholic features. Ther Adv Psychopharmacol, 2012. 2(2): p. 65-74.

[83] Karege, F., M. Schwald, and M. Cisse, Postnatal developmental profile of brain-derived
neurotrophic factor in rat brain and platelets. Neurosci Lett, 2002. 328(3): p. 261-4.

[84] Lang, U.E., et al., Correlation between serum brain-derived neurotrophic factor level and an
in vivo marker of cortical integrity. Biol Psychiatry, 2007. 62(5): p. 530-5.

[85] Canli, T., et al., Brain activation to emotional words in depressed vs healthy subjects. Neu‐
roreport, 2004. 15(17): p. 2585-8.

[86] Frodl, T., et al., Hippocampal and amygdala changes in patients with major depressive disor‐
der and healthy controls during a 1-year follow-up. J Clin Psychiatry, 2004. 65(4): p. 492-9.

[87] Henriques, J.B., Davidson, R.J., Decreased responsiveness to reward in depression. COG‐
NITION AND EMOTION, 2000. 15(5): p. 711-724.

[88] MacQueen, G.M., et al., Course of illness, hippocampal function, and hippocampal volume
in major depression. Proc Natl Acad Sci U S A, 2003. 100(3): p. 1387-92.

[89] Drevets, W.C., Neuroimaging and neuropathological studies of depression: implications for
the cognitive-emotional features of mood disorders. Curr Opin Neurobiol, 2001. 11(2): p.
240-9.

[90] Manji, H.K., W.C. Drevets, and D.S. Charney, The cellular neurobiology of depression.
Nat Med, 2001. 7(5): p. 541-7.

[91] Konarski, J.Z., et al., Volumetric neuroimaging investigations in mood disorders: bipolar
disorder versus major depressive disorder. Bipolar Disord, 2008. 10(1): p. 1-37.

[92] Lorenzetti, V., et al., Structural brain abnormalities in major depressive disorder: a selective
review of recent MRI studies. J Affect Disord, 2009. 117(1-2): p. 1-17.

[93] Goldstein, J.M., et al., Cortical abnormalities in schizophrenia identified by structural mag‐
netic resonance imaging. Arch Gen Psychiatry, 1999. 56(6): p. 537-47.

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms18

[94] Wolkin, A., et al., Structural magnetic resonance image averaging in schizophrenia. Am J
Psychiatry, 1998. 155(8): p. 1064-73.

[95] Ashburner, J. and K.J. Friston, Voxel-based morphometry--the methods. Neuroimage,
2000. 11(6 Pt 1): p. 805-21.

[96] Leung, K.K., et al., Neural correlates of attention biases of people with major depressive dis‐
order: a voxel-based morphometric study. Psychol Med, 2009. 39(7): p. 1097-106.

[97] Shah, P.J., et al., Cortical grey matter reductions associated with treatment-resistant chronic
unipolar depression. Controlled magnetic resonance imaging study. Br J Psychiatry, 1998.
172: p. 527-32.

[98] Vasic, N., et al., Gray matter reduction associated with psychopathology and cognitive dys‐
function in unipolar depression: a voxel-based morphometry study. J Affect Disord, 2008.
109(1-2): p. 107-16.

[99] Cheng, Y.Q., et al., Brain volume alteration and the correlations with the clinical character‐
istics in drug-naive first-episode MDD patients: a voxel-based morphometry study. Neuro‐
sci Lett, 2010. 480(1): p. 30-4.

[100] Bergouignan, L., et al., Can voxel based morphometry, manual segmentation and automated
segmentation equally detect hippocampal volume differences in acute depression? Neuro‐
image, 2009. 45(1): p. 29-37.

[101] Lee, H.Y., et al., Demonstration of decreased gray matter concentration in the midbrain en‐
compassing the dorsal raphe nucleus and the limbic subcortical regions in major depressive
disorder: an optimized voxel-based morphometry study. J Affect Disord, 2011. 133(1-2): p.
128-36.

[102] Heller, W., Gender differences in depression: perspectives from neuropsychology. J Affect
Disord, 1993. 29(2-3): p. 129-43.

[103] Bruder, G.E., et al., Atypical depression: enhanced right hemispheric dominance for perceiv‐
ing emotional chimeric faces. J Abnorm Psychol, 2002. 111(3): p. 446-54.

[104] Fountoulakis, K.N., et al., The relationship of regional cerebral blood flow with subtypes of
major depression. Prog Neuropsychopharmacol Biol Psychiatry, 2004. 28(3): p. 537-46.

[105] Stewart, J.W., et al., DSM-IV depression with atypical features: is it valid? Neuropsy‐
chopharmacology, 2009. 34(13): p. 2625-32.

Different Mechanisms Between Melancholic and Atypical Depression
http://dx.doi.org/10.5772/59959

19





Chapter 2

Neurotrophic Factors and Major Depressive Disorder

Xiaobin Zhang, Jin Li, Weiwei Sha and Ru Bu

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/59373

1. Introduction

Major depressive disorder (MDD) is a serious disorder that affects approximately 17% of the
population at some point in life, resulting in major social and economic consequences [1]. There
is still very little known about the neurobiological alterations that underlie the pathophysiol‐
ogy or treatment of MDD. There is increasing evidence suggesting that brain-derived neuro‐
trophic factor (BDNF), neurotrophin-3, and fibroblast growth factor (FGF) systems are altered
in different tissue samples, including post-mortem brain tissue, cerebrospinal fluid, and blood
from patients with MDD. Neurotrophins are a family of secreted growth factors that regulate
survival, growth, differentiation and maintenance of neurons in both the central nervous
system and the peripheral nervous system [2] and their reduced availability can result in
increased cellular vulnerability or even cell death. It has been postulated that the enhanced
and prolonged secretion of neurotrophic factors in response to antidepressant treatment could
promote neuronal survival and protect neurons from the damaging effects of stress. These
studies have led to the formulation of the neurotrophic hypothesis of depression, which
proposes that reduced neurotrophic factors levels predispose to depression, whereas increases
neurotrophic factors produce an antidepressant action.

2. Brain-Derived Neurotrophic Factor (BDNF) in Major Depressive
Disorder (MDD)

The BDNF gene is located on chromosome 11p13 and is synthesized as the precursor pre-pro-
BDNF that is cleaved into pro-BDNF, which is then further cleaved into the 27-kDa mature
protein [3]. BDNF plays an important role in the survival, differentiation, and outgrowth of
various neurons in the peripheral and central nervous systems during development [2]. It is
also involved in nerve regeneration and maintenance of structural integrity and neuronal
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plasticity in the adult brain, which includes the regulation of synaptic activity and neuro‐
transmitter synthesis [4]. Thus, a pathological alteration of BDNF level can lead to defects in
neuronal maintenance and neural regeneration as well as structural abnormalities and reduced
plasticity that can impair an individual’s ability to adapt to traumatic situations. Indeed, many
pre-clinical and clinical studies implicate the modulation of BDNF expression in the behavioral
manifestations of depression [5].

BDNF has shown antidepressant-like effects in animal models of depression. For instance, in
the forced swim test and learned helplessness models of depression, BDNF infusion into the
midbrain alleviated depressive behavior [6]. Moreover, a single bilateral infusion of BDNF into
the dentate gyrus (DG) of the hippocampus had an antidepressant effect in both paradigms [7].

Various stressors can suppress BDNF mRNA and protein levels in different brain regions
particularly in the hippocampus [8], which is associated with the development of depressive
behavior. However, other reports found the contrary or else no changes in BDNF expression
in animal models of depression and antidepressant efficacy [9-10]. Acute and chronic stress
also increase hippocampal BDNF mRNA and protein levels [11-12], and it has been speculated
that this could serve as a protective mechanism to offset the destructive effects of stress in the
hippocampus.

Several classes of antidepressant increase BDNF level in the healthy rodent brain with chronic
treatment, and also reverse stress-induced downregulation of BDNF [5]. Thus, regardless of
their primary mechanism of action, antidepressants share the ability to rapidly activate
signaling through the TrkB receptor and induce a long-lasting increase in BDNF production
[13]. However, they fail to produce any behavioral changes in transgenic mice with reduced
BDNF levels or TrkB signaling, whereas wild-type mice exhibit a normal behavioral response
[14], demonstrating that BDNF release and TrkB signaling are not only sufficient but also
necessary for antidepressant-like behavioral effects.

Electroconvulsive seizures increase mRNA levels of both BDNF and TrkB in the rat hippo‐
campus, and chronic seizures blocked the downregulation of BDNF transcript level in the
hippocampus in response to restraint-induced stress [15]. Repetitive transcranial magnetic
stimulation (rTMS) is increasingly being used as a therapeutic tool to treat depressive disorder,
based on reports that rTMS increases BDNF mRNA and protein in the rat hippocampus [16],
similar to effects observed after administration of antidepressants or electroconvulsive
seizures, which suggest that rTMS and antidepressants likely share a common molecular
mechanism of action.

Several studies of post-mortem brain samples have implicated BDNF as a factor in the
pathophysiology of depressive disorders; in one report, BDNF and TrkB levels were reduced
in the hippocampus of patients with depressive disorder [17]. Given that BDNF expression is
downregulated in response to stress, structural changes in the hippocampus of depressed
individuals may be attributed in part to reductions in BDNF and TrkB levels [18]. In patients
with depression, a decrease in prefrontal cortical volume is correlated with decreased BDNF
and TrkB levels [19]. These findings indicate that depression affects BDNF expression in limbic
regions. As observed in animal models, postmortem tissue samples from human subjects show
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increased BDNF levels in the hippocampus and cortex after long-term antidepressant use as
compared to untreated subjects [20].

The Val66Met polymorphism is located in the pro-BDNF sequence, which is cleaved post‐
transcriptionally; while not affecting mature BDNF protein function, it has been shown to alter
activity-dependent BDNF secretion in cultured cells [21], as well as intracellular distribution,
packaging, and release of the BDNF protein in vitro [22]. Interestingly, mutant mice carrying
the Val66Met polymorphism show reduced BDNF secretion but no differences in the level of
total BDNF [21]. Moreover, hippocampal volume is reduced in mice with the BDNF Met/Met
or Val/Met allele as compared to wild-type mice. Our research found that the presence of the
Val66Met polymorphism was not significantly correlated with serum BDNF levels in depres‐
sive patients nor in control subjects. Postmortem analyses and imaging studies have found
that depressive patients have significantly smaller hippocampal volumes compared to
controls, which is reversed by antidepressant treatment [23]; smaller volumes were also
observed in both patients and controls carrying the Met-BDNF allele as compared to individ‐
uals that were homozygous for the Val-BDNF allele. It was therefore concluded that Met-BDNF
allele carriers may be susceptible to depression due to smaller hippocampal volumes [24]. Our
laboratory has also demonstrated that the Val66Met allele frequency was similar among
depressed and non-depressed subjects, consistent with previous studies in Asian populations
[25-26]; however, an association between the BDNF Val66Met polymorphism and depression
has been reported in a geriatric Chinese population [27]. A significant genetic association
between the BDNF Val66Met polymorphism and treatment response in depressed patients
was detected in a meta-analysis demonstrating that Val/Met heterozygous patients had a better
response rate than Val/Val homozygous patients, especially among Asians [28]. Moreover, Met
allele carriers showed a favorable response to antidepressant treatment [29]. However, other
studies have not found any link between genetic variation in BDNF and antidepressant
treatment response or remission [30-31]. The results from these studies indicate that the
association between BDNF polymorphisms and the manifestation of depressive disorder
symptoms or antidepressant efficacy remains controversial.

Suicide is a major public health problem linked to depression. BDNF and TrkB mRNA and
BDNF protein levels were significantly reduced in both the prefrontal cortex and hippocampus
of suicidal as compared to non-suicidal subjects [32]. BDNF downregulation was also observed
in the hippocampus and prefrontal cortex of drug-free suicidal patients as compared to non-
suicidal controls. In addition, suicidal subjects receiving antidepressant treatment showed no
changes BDNF level, suggesting that psychotropic drugs counter the decrease in BDNF
associated with depression [33]. DNA methylation at specific CpG sites in the BDNF promoter/
exon IV was detected when postmortem brains samples from suicidal subjects were compared
to those of non-suicidal controls. These findings support a role for the BDNF pathway in
suicidal behavior associated with depression.

BDNF is present in human blood, although it is more highly concentrated in brain tissue. It
was previously reported that BDNF could cross the blood-brain barrier, and that serum and
brain BDNF levels showed similar changes during aging in rats, suggesting that the former is
a reflection of the latter [34]. Serum BDNF level was markedly lower in depressed than in
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healthy control subjects and was negatively correlated with depression severity, an effect that
was more pronounced in females [35]. Similar findings were reported in another study, which
also found greater changes in serum BDNF protein level in female but not in male patients
treated with antidepressants during a 4-week period [36]. Some studies report that serum
BDNF level is negatively correlated with depression severity [37-38]. Other investigators have
found that plasma BDNF level is positively correlated with scores on the Hamilton Depression
Rating Scale [39], although our own research did not substantiate these findings [40]. Serum
BDNF level is determined by at least eight independent factors: time of blood withdrawal, time
of storage, food intake before sampling, urbanicity, age, sex, smoking status, and drinking
behavior [41]. However, the conflicting data from various studies suggest that other factors
are likely to modulate BDNF level in depression.

3. Glial cell line-Derived Neurotrophic Factor (GDNF) in MDD

Glial pathology in depressive disorder is well-documented by a number of quantitative studies
on postmortem fronto-limbic brain regions. The density of astrocyte cell bodies immunoreac‐
tive for glial fibrillary acidic protein (GFAP) is consistently reduced in brain tissue specimens
from depressed individuals, as is the expression of astrocyte proteins such as GFAP, GDNF,
connexins, glutamate transporters, and glutamine synthetase [42]. Astrocytes play essential
roles in maintaining brain homeostasis and neuronal functions, and also mediate innate
immunity and inflammatory responses in the brain. GDNF is a member of the transforming
growth factor β superfamily that was isolated and purified from the conditioned medium of
cultured rat glial cells of the B49 cell line [43]. GDNF consists of 134 amino acids with near-
identical sequence in rats and humans. The widespread distribution of GDNF and its receptors
in various regions of the adult brain suggests a role in maintaining neuronal circuits in the
mature central nervous system (CNS) [44]. An increase in astrocyte GDNF synthesis and
protein expression is believed to play an active role in neuronal survival and plasticity after
excitotoxic damage [45], while experimental strategies of GDNF delivery by astrocytes have
shown neuroprotective effects in vivo for dopaminergic neurons [46].

Animal studies have revealed that GDNF affects cognitive function, including learning and
memory [47], while GDNF infusion increases hippocampal neurogenesis [48]. GDNF+/− mutant
mice show abnormal hippocampal synaptic transmission [49], and GDNF overexpression in
astrocytes of the hippocampal CA1 region can improve spatial learning and memory per‐
formance in cognitively impaired aging rats by enhancing local cholinergic, dopaminergic,
and serotonergic transmission [50].

Several different classes of antidepressant including amitriptyline, clomipramine, mianserin,
fluoxetine, and paroxetine have been shown to increase GDNF mRNA expression and protein
secretion in rat C6 glioblastoma cells, while amitriptyline increased transcript expression in
rat astrocytes when administered at concentrations comparable to those used in clinical trials.
The results indicate that these drugs act through modulation of GDNF to improve the function
of both glia and neurons [44].
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Some animal studies have reported that chronic treatment with several classes of antidepres‐
sant or mood stabilizer has no affect on GDNF mRNA and protein expression in various areas
of the rat brain [51-52]. However, in Flinders Resistant Line rats, chronic lithium treatment
increased GDNF protein in the frontal and occipital cortices, decreased GDNF in the hippo‐
campus, but did not alter GDNF level in the striatum [53]. In a rat model of chronic unpre‐
dictable stress-induced depression, GDNF mRNA and protein levels were significantly
decreased in the hippocampus; this was reversed by clomipramine treatment [54]. The
neuroprotective effects of clomipramine in the hippocampus suggest that GDNF is a viable
target for novel antidepressant drugs. Chronic stress increased DNA methylation and histone
modification in the promoter region of the GDNF gene and altered the control of behavioral
responses in animal models of depression, effects that were reversed by antidepressant
treatment [55].

The reduction in the volume of the cortex and limbic system that is observed in depressed
patients is primarily associated with a decrease in glial cell numbers and to a lesser degree
with decreased neuronal density and size [42]. In postmortem brain tissue from a small number
of subjects with recurrent depression, increased GDNF level was detected in the parietal cortex
relative to controls, and it was postulated that a loss of neurons and glia leads to an upregu‐
lation of GDNF as a compensatory response, which has also been reported in brain injury and
animal models [56].

Electroacupuncture (EA) stimulation has been used for several decades to treat various mood
disorders. A recent meta-analysis of 20 clinical trials found that acupuncture monotherapy
was as effective as antidepressant treatment in terms of treatment response and alleviating the
severity of symptoms [57]. Serum GDNF was increased by treatment with EA or fluoxetine in
depressed patients and was associated with decreased Hamilton Depression Rating Scale
scores in depressed patients [58]. In rats with transection of the medial forebrain bundle, EA
upregulated GDNF mRNA expression in the brain [59]; acupuncture was also found to
stimulate GDNF expression in the brain of adult cats [60]. These results suggest that EA can
improve psychological symptoms of depression by altering GDNF expression, thereby halting
or slowing neurodegeneration.

As in the case of antidepressants, the therapeutic effects of electroconvulsive therapy (ECT)
involve stimulation of proliferation in neural progenitors via upregulation of specific signal
transduction pathways [61]. ECT stimulates glial cell proliferation in the prefrontal cortex of
rats by causing a reduction in the expression of Sprouty2, an inhibitor of cell proliferation [62].
ECT was also shown to decrease GDNF concentration in the hippocampus and striatum of the
adult rat brain [63], although it is unknown whether this is due to decreased synthesis or
increased release of the protein. However, it underscores the finding that acute and chronic
ECT enhanced the mRNA expression of the GDNF receptor in the dentate gyrus of the
hippocampus in rats [51]. Our research has demonstrated that serum GDNF level rises
following ECT in patients with drug-resistant depression.

Adult mice heterozygous for a null mutation at the GDNF locus exhibited a lower level of
GDNF mRNA in all brain regions examined. These mice also showed significant behavioral
deficits in the Morris water maze spatial learning paradigm [47]. Overexpression of a GDNF
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transgene in hippocampal astrocytes induced the recovery of spatial cognitive abilities in aged
rats [50]. GDNF concentration was positively correlated with performance on the Wisconsin
Card Sorting Test (WCST) conceptual level responses and negatively correlated with per‐
formance on the WCST preservative errors in depressed patients [64]. Moreover, increased
plasma GDNF level was positively correlated with the Digit Span Test backward score and
negatively associated with Trail Making Test B performance in late-onset depression patients
[65]. These results indicate that increased GDNF may protect against neuronal damage and
consequent cognitive impairment in depressed individuals.

A recent study evaluated the effect of 21 single nucleotide polymorphisms in the GDNF gene
on the efficacy of paroxetine in patients with MDD, and found that the A allele for rs 2973049
and the T allele for rs 2216711 were correlated with paroxetine response and gender [66].

The neuroprotective effects of GDNF may be due in part to its ability to protect neurons from
oxidative stress. Postmortem studies indicate that patients with recurrent depressive disorder
have increased oxidative stress in some brain regions, such as the frontal cortex, thalamus, and
putamen [67]. Subchronic infusion of recombinant human GDNF increased superoxide
dismutase, catalase, and glutathione peroxidase activities in rat striatum, suggesting that
GDNF may have antioxidant properties [68]. GDNF also protected human mesencephalic
neuron-derived cells from oxidative injury [69].

We found that serum GDNF level was decreased in antidepressant-free patients with MDD
and was not correlated with depression severity. We also found that decreased serum GDNF
level in naive patients recovered to normal levels after treatment with antidepressants [70].
Reduced GDNF mRNA expression was detected in peripheral white blood cells of MDD
patients in a depressive state but not in those in a remissive state, suggesting that the alteration
in GDNF level is state-dependent [71]. Circulating serum GDNF level was also decreased in
patients with late-in-life depression, and this was negatively correlated to the disease severity
[72]. However, plasma GDNF level was higher in euthymic patients with bipolar disorder and
in patients with late-onset depression [65,73]. This inconsistency may be due to confounding
effects of age, gender, or concurrent physical illness. One study has shown that patients with
bipolar and unipolar affective disorder in remission had a decreased GDNF level compared
to unaffected controls, which was not correlated with antidepressant treatment [74].

4. Insulin-like Growth Factor (IGF) in MDD

There is increasing evidence that IGF-1 plays an important role in diseases affecting the CNS.
IGF-1 increases the synthesis and activity of BDNF [75], and both are required for neuronal
survival and synaptic plasticity in the brain [76]. IGF-1 also enhances proliferation, survival,
differentiation, and maturation of all CNS cells and has demonstrated neurotrophic, neuro‐
genic, and neuroprotective functions [77]. IGF-1 is the only neurotrophic factor known to be
regulated by the immune system, the dysregulation of which is implicated in the pathogenesis
of depression.
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The Igf1 gene in humans is located on chromosome 12q22–23. IGF-1 is a small (7.5-kDa)
polypeptide that, along with IGF-2, insulin, their respective receptors, and six IGF-binding
proteins, constitute the insulin-like growth factor family [78]. IGF-1 and its receptor are widely
distributed in all cell types of the adult brain. Although it can penetrate the blood-brain barrier,
IGF-1 is also produced by various cells in the CNS and peripheral nervous system [79]. Igf1
mRNA expression in the CNS is low during early organogenesis, but increases at later
developmental stages [79]; after the brain is formed, low levels of expression are restricted to
a few regions. However, the adult brain also receives IGF-1 from the serum where the peptide
is abundant. Additionally, IGF-1 expression remains high in the adult brain, especially in areas
with large projection neurons such as the cerebellum, olfactory bulb, hypothalamus, hippo‐
campus, cortex, and retina [80].

Individuals with depression have reduced hippocampal volume as compared to controls. Post
mortem and brain imaging studies have revealed atrophy in the hippocampus of depressed
patients, which may be reversed by antidepressant treatment [23]. Peripheral infusion of IGF-1
induced neurogenesis in adult rat hippocampus, and IGF-1 stimulates proliferation in adult
rat hippocampal progenitor cells [81], while in vitro studies found that IGF-1 increased the
total number of progenitor cells and promoted the specification of a neuronal lineage from
precursors [79]. Transgenic mice lacking IGF-1 or IGF-1R show severe delays in brain devel‐
opment [82]; mice overexpressing IGF-1 in the brain exhibit an increased numbers of neurons
and synapses in the dentate gyrus, while IGF-1 knockout mice have a decreased number of
granule cells in this region [83-84].

In animal models of depression, the specificity of the models used, the immune status of the
tested animals, or animals’ age and gender can influence the levels of growth factors including
that of IGF-1. In one study using the Cre-loxP system to knock out the Igf1 gene in the liver,
hippocampal CA1 neurons, or both, IGF-1 deficiency at adulthood was sufficient to induce a
depressive phenotype in mice, suggesting that low brain IGF-1 level heightens the risk for
depression; moreover, these effects are not ameliorated by increased local IGF-1 production
or transport [85]. A prenatal stress model of depression found no changes in peripheral IGF-1
levels between stressed and control rats, but a significant decrease was observed in the
hippocampus and frontal cortex [79].

Early adverse experiences contribute to the development of vulnerability to stress and increase
the risk of stress-related psychiatric disorders in adulthood. For instance, maternal separation
during critical periods of brain development can lead to learning disabilities, behavioral
anomalies, or psychiatric disorders in later life [86]. Repeated maternal separation of neonatal
rats caused prolonged and abnormal fluctuations in the expression of BDNF and IGF-1 and
their respective receptors TrkB and IGF-1R in the cerebral cortex [86]. Another study found
that maternal separation alone or in combination with a single episode of restraint stress
decreased the mRNA expression of IGF-1R and IGF binding protein-2 in the adult rat hippo‐
campus. Given that the activation of IGF signaling plays a role in development and neuro‐
protection of the CNS, this downregulation of IGF signaling likely contributes to the
development of stress vulnerability in adulthood, which can in turn precipitate the onset of
depression [87].
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The potential antidepressant activity of IGF-1 has been examined in various animal models
of depression in which behavioral tests such as forced swimming and tail suspension were
used to evaluate antidepressant effects. These studies have consistently shown that IGF-1
treatment  has  antidepressant-like  effects  and  normalizes  behavioral  disturbances  in
depressive animals [88-90]. In addition, repeated administration of fluoxetine induced the
upregulation of IGF-1 and its receptor in the frontal cortex but a downregulation in the
hippocampus [91].  IGF-1 level  was also upregulated in the adult  rat  hippocampus after
chronic administration of venlafaxine [92]

Increased IGF-1 level in the blood of depressed patients has been observed in clinical studies
[93-94], while others have reported decreased peripheral IGF-1 concentration in patients,
possibly due to overactivation of the hypothalamic-pituitary-adrenal axis. A recent study
demonstrated that a low IGF-1 level in females and a high level in males can predict the
incidence of depressive disorder 5 years later [95]. IGF-1 concentration was also found to
decline during antidepressant treatment in patients, albeit only in responders [93].

5. Vascular Growth Factor (VGF) in MDD

VGF, originally cloned as a target of NGF regulation in PC12 cells, is also induced by BDNF
in cortical and hippocampal neurons in vitro and in vivo [96]. The VGF gene has been highly
conserved throughout evolution and is located on chromosome 7q22 in humans and chromo‐
some 5 in mice. VGF contains a cyclic AMP response element-binding protein (CREB)-binding
site within its promoter that is critical for BDNF-induced VGF expression; thus, CREB is a factor
regulating both BDNF and VGF expression [97]. VGF also contributes to synaptic plasticity by
inducing the secretion of BDNF or other neuromodulatory peptides in a positive feedback
loop, and mediates the long-term effects of BDNF-induced synaptic strengthening through its
activity at excitatory synapses [96]. VGF is also involved in regulating energy balance via
hypothalamic and autonomic outflow pathways that govern peripheral energy expenditure
[98]. VGF is widely expressed in neurons and is detected in the olfactory system and several
areas of the brain, including the cerebral cortex, hypothalamus, and hippocampus [99].

VGF+/− mice have no gross abnormalities in brain morphology and exhibit normal anxiety
levels. However, these mice show neurological and behavioral deficits akin to depression
[100-102], suggesting that a reduced VGF level may account for depression in humans. Chronic
treatment with different classes of antidepressant such as imipramine, fluoxetine, and
duloxetine has been shown to modulate VGF expression [100-101,103], while infusion of VGF
into the midbrain or hippocampus produces antidepressant effects in the learned helplessness
paradigm of depression, as well as in the tail suspension and forced swim tests, which are used
to evaluate the action of antidepressants [101-102]. In one of these studies, exercise increased
VGF in the hippocampus of wild-type mice and induced an antidepressant-like response in
the forced swim test; the increase was less pronounced in VGF+/− mice, which also failed to
show behavioral improvement resulting from exercise in the forced swim test. Moreover, the
administration of VGF peptide induced a robust, dose-dependent antidepressant-like re‐
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areas of the brain, including the cerebral cortex, hypothalamus, and hippocampus [99].

VGF+/− mice have no gross abnormalities in brain morphology and exhibit normal anxiety
levels. However, these mice show neurological and behavioral deficits akin to depression
[100-102], suggesting that a reduced VGF level may account for depression in humans. Chronic
treatment with different classes of antidepressant such as imipramine, fluoxetine, and
duloxetine has been shown to modulate VGF expression [100-101,103], while infusion of VGF
into the midbrain or hippocampus produces antidepressant effects in the learned helplessness
paradigm of depression, as well as in the tail suspension and forced swim tests, which are used
to evaluate the action of antidepressants [101-102]. In one of these studies, exercise increased
VGF in the hippocampus of wild-type mice and induced an antidepressant-like response in
the forced swim test; the increase was less pronounced in VGF+/− mice, which also failed to
show behavioral improvement resulting from exercise in the forced swim test. Moreover, the
administration of VGF peptide induced a robust, dose-dependent antidepressant-like re‐
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sponse in the forced swim and tail suspension tests. In another study, VGF-derived peptide
protected primary cultures of rat cerebellar granule cells from serum and potassium depriva‐
tion-induced cell death in a dose-and time-dependent manner [104].

Chronic antidepressant treatment in adult rodents increases neurogenesis in the dentate gyrus
of the hippocampus, which may be a common mechanism by which antidepressants induce
their therapeutic effects [105]. VGF peptide similarly enhanced neurogenesis of hippocampal
cells and may favor the differentiation of proliferating progenitors into neurons over glia [101].
Although the precise relationship between depression and neurogenesis remains to be
elucidated, stimulating cell proliferation may be one way in which VGF exerts antidepressant
effects.

ECT is a highly effective and rapid treatment for depressed patients who do not respond to
antidepressants. While the molecular mechanisms underlying the therapeutic efficacy of ECT
are not fully understood, it is thought that ECT and antidepressants increase the expression
of select neurotrophic factors that reverse or block the atrophy and cell loss resulting from
stress and depression. ECT was shown to increase the level of VGF in the hippocampus of rats
[103,106], and a decrease in VGF mRNA level was observed in drug-free depressed patients
with respect to controls, although there was no correlation between VGF mRNA levels and the
severity of the illness. Interestingly, 12 weeks of treatment with escitalopram increased VGF
expression albeit only in responder patients, suggesting that changes in the expression of the
neuropeptide may explain the mechanism of the drug response [107].

In the European Genome-based Therapeutic Drugs for Depression study, nine psychiatric
centers in eight European countries recruited 811 adult outpatients suffering from unipolar
depression of at least moderate severity. These patients showed significant upregulation in
leukocyte VGF mRNA expression level after 8 weeks of treatment in both responder and non-
responder patients [108].

Findings from human postmortem studies of bipolar patients indicate that VGF is downre‐
gulated in the CA regions of the hippocampus and Brodmann’s area 9 of the dorsolateral
prefrontal cortex [109]. Importantly, VGF showed effects similar to those of lithium, which is
used to treat bipolar disorder. However, another study found an increase in VGF23–62 peptide
level in the cerebrospinal fluid of 16 patients diagnosed with MDD [110]. The association
between VGF gene polymorphisms and depression or bipolar disorder has not been examined
thus far.

6. Fibroblast Growth Factor (FGF) in MDD

FGFs and their receptors constitute an elaborate signaling system that is organized in dynamic
spatial and temporal expression patterns. There are at least 23 members of the FGF family, 22
of which are distributed throughout the CNS in humans along with five FGF receptors. FGF1
and FGF2, which lack a signal sequence, are secreted and directly regulate intracellular
signaling cascades in target cells. FGF ligands share a conserved central domain of about 120
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amino acids that binds heparin and is required for stable FGF ligand-receptor interactions
[111]. FGFRs are tyrosine kinase receptors with three immunoglobulin-like domains (D1, D2,
and D3) [112].

FGF signaling has been implicated in a variety of mood disorders, including MDD. The
neurotrophic hypothesis of depression posits that neurogenesis and neuronal plasticity are
affected by the imbalance in growth factor levels. FGF2 attenuates the reduction in hippocam‐
pal volume and promotes hippocampal neurogenesis after traumatic brain injury in mice [113].
Post-mortem examinations have shown that the expression of FGF1, FGF2, and receptors
FGFR2 and FGFR3 is decreased in the frontal cortical area in MDD relative to controls. FGF
signaling is also upregulated by treatment with antidepressants [114]. A lower serum FGF-2
level has been reported in MDD patients, which may be reversed by antidepressants [115]. In
an animal model, a single subcutaneous injection of FGF2 administered to rats on postnatal
day 1 increased cell survival in the DG 3 weeks later, producing a larger hippocampus with
more cells [116]; a similar effect was observed in the adult brain [112].

FGFR1 conditional knockout mice lacking FGFR1 expression in the telencephalon at mid-
neurogenesis showed that the FGFR1 gene is required during hippocampal development [111]
for the proliferation of hippocampal progenitor and stem cells [117]. Loss of FGFR1 function
results in decreased proliferation of neural progenitor cells in the hippocampus and depletion
of the FGF2-sensitive hippocampal neural stem cell pool, which leads to permanent atrophy
of this brain area. FGF2−/− mice showed reduced numbers of cortical neurons by the end of
neurogenesis, especially of large neurons in deeper cortical layers of the frontal cerebral cortex
[118]. Progenitors of hippocampal granule cells in the DG in FGF2−/− mice showed reduced
proliferation in response to kainic acid injection or middle cerebral artery occlusion, which
was reversed by FGF2 injection [119]. Thus, FGF2 induces neurogenesis, alters neuronal
morphology, and modulates gene expression in the hippocampus.

FGF2 has antidepressant-like effects when administered later in adulthood. FGF2 infusions
had both antidepressant and anxiolytic effects in behavioral models of depression and anxiety
[120]. FGF activity has also been linked to the response to antidepressant medications in
humans, and some studies have found a correlation between FGF transcript expression and
major depression.

Affymetrix microarray analyses of cortical brain regions detected a significant number of
FGF-related ligand and receptor genes that are differentially expressed in depressed individ‐
uals, including FGF1, FGF2, FGFR2, and FGFR3, which are downregulated, and FGF9 and
FGF12, which are upregulated [114]. Depressed subjects receiving selective serotonin reuptake
inhibitor (SSRI) treatment showed increased FGFR expression as compared to those who were
not using these drugs. One recent study also demonstrated alterations in FGF9 and FGFR3
transcript expression in the locus coeruleus (LC) of individuals with MDD [121]. Serum FGF2
level in MDD patients was significantly lower than that of healthy controls [115], and in
postmortem samples of MDD patients, single nucleotide polymorphisms in FGF2 (rs1048201,
rs1449683, and rs308393) were correlated with side effects and differential treatment response
to antidepressants [122].
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7. Neurotropin-3 (NT3) in MDD

NT3 is a member of the neurotrophin family of proteins that supports the survival of specific
types of neuron [123]. NT3 is distributed throughout the DG and promotes hippocampal
plasticity by regulating neurogenesis via binding of TrkB and TrkC tyrosine kinase neurotro‐
phin receptors [124].

NT3 has been implicated in the pathogenesis of depression and the therapeutic mechanism of
antidepressants. Hippocampal atrophy has been consistently demonstrated as one of the
predominant pathophysiological changes in subjects with a history of MDD, and is correlated
with duration of the illness [125]. NT3 prevented the degeneration of noradrenergic neurons
in the LC [126] that are associated with the pathophysiology of major depression [127]. NT3
infusions cause an upregulation in the mRNA level of BDNF in the cerebral cortex [128] and
produces BDNF-like effects including the phosphorylation of cortical tyrosine kinase B [123].
NT3 may be involved in the modulation of BDNF signaling in differentiating hippocampal
neurons [129], and was shown to modulate monoamine neurotransmitters such as 5-hydrox‐
ytryptophan and noradrenaline [130] and activate noradrenergic neurons in the LC [131].
Chronic stress causes structural changes and neuronal damage in the brain, especially in the
hippocampus, which can lead to the development of depression [132]. NT3 mRNA levels were
upregulated in the DG and hippocampus in response to repeated immobilization stress in
rodents [133]. NT3 is expressed throughout the hippocampus and promotes plasticity by
regulating neurogenesis. A 500-ng dose of NT3 injected into the cerebral ventricle of mice at
the onset of the dark period enhanced the time spent in non-rapid eye movement sleep [134].
Lithium and valproate, which are mood-stabilizing agents, increased hippocampal NT3 levels
in an animal model of mania [135], highlighting a role for NT3 in mood disorders besides
depression.

NT3 antagonizes the proliferative effects of basic FGF, and enhances neuronal differentiation,
while blocking NT3 function leads to a decrease in neurogenesis [136]. In NT-3 mutant mice
with brain-specific NT3 deletion, the differentiation of the neuronal precursor cells was
impaired in the DG, resulting in a decrease in the production of differentiated neurons [124].

Postmortem analyses have demonstrated altered levels of neurotrophic factor expression in
the brains of patients with mood disorder. Serum NT3 levels were increased during acute
mood states of bipolar depression patients as compared to euthymic patients and normal
controls [137]. In another study, serum NT3 level in drug-free and medicated patients with
bipolar disorder during manic and depressive episodes was increased relative to controls,
while there was no difference between medicated and drug-free patients [138]. NT3 mRNA
was downregulated in peripheral white blood cells of patients with MDD and bipolar disorder
during depressed and euthymic states, but not those in remission, suggesting that reduced
NT3 expression is state-dependent and associated with the pathophysiology of major depres‐
sion [71]. However, in elderly MDD patients, NT3 levels in the cerebrospinal fluid were
significantly elevated as compared to patients with Alzheimer’s disease or mentally healthy
controls [139]. The reason for these contradictory findings is unknown, but could indicate that
there are other age-dependent factors that modulate the effects of NT3.
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8. Nerve Growth Factor (NGF) in MDD

NGF was the first identified neurotrophin in a family of structurally similar growth factors. In
the CNS, NGF is involved in neuronal survival, protection of sympathetic and cholinergic
neurons against neurodegeneration, and in the modulation of the immune response as well as
learning and memory [140].

NGF has demonstrated neuroprotective effects on basal forebrain cholinergic neurons in
Alzheimer’s disease patients [141]. However, the injection of NGF antibody was shown to
induce the death of sympathetic neurons in mouse, rat, cat, and rabbit models [142]. Mouse
models of anxiety, chronic stress, and depression involving learned helplessness, threatening
or painful stimuli, maternal deprivation, and other factors induce a reduction in NGF in the
frontal cortex, amygdala, hippocampus, and nucleus accumbens [143-145]. In MDD patients,
serum NGF level is higher than in controls, and has been associated with the severity of
depressive symptoms in women [146].

Whether alterations in NGF are state-or trait-dependent is under debate. In mood disorders,
a state-related phenomenon appears and then disappears with mood state; in contrast, a trait-
related phenomenon occurs regardless of variations in the clinical state. One study of in-and
outpatients with mood disorders including uni-and bipolar depression and bipolar mania
found no differences or changes in NGF levels in patients with depressive episodes and after
8 weeks of medical treatment [147], consistent with previous findings that NGF levels do not
vary among depressed patients [148-150].

Nonetheless, several clinical studies have reported that serum NGF concentration is decreased
relative to healthy controls in MDD patients [151-152], including those receiving duloxetine
[153] and those experiencing depression late in life [154]. In contrast, other studies have
reported increased NGF in patients with elevated levels of stress and severe depression [155].
The severity of washing symptoms is correlated with an upregulation in NGF in patients with
obsessive-compulsive disorder [156], while another study found a positive correlation between
plasma NGF level and disease duration in patients with bipolar mood disorders [157].

Various studies have investigated the effects of ECT on NGF levels in animals and humans.
Electroconvulsive stimuli administered once daily for 8 days increased NGF level in the frontal
cortex of adult rats [63]. Repeated exposure to electroconvulsive stimuli also increased TrkA
and NGF protein levels in the rat hippocampus [158], suggesting that NGF may play a role in
the mechanism of action of electroconvulsive treatment. In contrast to animal studies, ECT
treatment has not been found to affect NGF levels in human patients. In patients with treat‐
ment-resistant major depression [159] or bipolar disorder with depression [160], NGF levels
were not significantly increased by ECT, even with concurrent administration of antidepres‐
sants and psychotherapy.

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms32



8. Nerve Growth Factor (NGF) in MDD

NGF was the first identified neurotrophin in a family of structurally similar growth factors. In
the CNS, NGF is involved in neuronal survival, protection of sympathetic and cholinergic
neurons against neurodegeneration, and in the modulation of the immune response as well as
learning and memory [140].

NGF has demonstrated neuroprotective effects on basal forebrain cholinergic neurons in
Alzheimer’s disease patients [141]. However, the injection of NGF antibody was shown to
induce the death of sympathetic neurons in mouse, rat, cat, and rabbit models [142]. Mouse
models of anxiety, chronic stress, and depression involving learned helplessness, threatening
or painful stimuli, maternal deprivation, and other factors induce a reduction in NGF in the
frontal cortex, amygdala, hippocampus, and nucleus accumbens [143-145]. In MDD patients,
serum NGF level is higher than in controls, and has been associated with the severity of
depressive symptoms in women [146].

Whether alterations in NGF are state-or trait-dependent is under debate. In mood disorders,
a state-related phenomenon appears and then disappears with mood state; in contrast, a trait-
related phenomenon occurs regardless of variations in the clinical state. One study of in-and
outpatients with mood disorders including uni-and bipolar depression and bipolar mania
found no differences or changes in NGF levels in patients with depressive episodes and after
8 weeks of medical treatment [147], consistent with previous findings that NGF levels do not
vary among depressed patients [148-150].

Nonetheless, several clinical studies have reported that serum NGF concentration is decreased
relative to healthy controls in MDD patients [151-152], including those receiving duloxetine
[153] and those experiencing depression late in life [154]. In contrast, other studies have
reported increased NGF in patients with elevated levels of stress and severe depression [155].
The severity of washing symptoms is correlated with an upregulation in NGF in patients with
obsessive-compulsive disorder [156], while another study found a positive correlation between
plasma NGF level and disease duration in patients with bipolar mood disorders [157].

Various studies have investigated the effects of ECT on NGF levels in animals and humans.
Electroconvulsive stimuli administered once daily for 8 days increased NGF level in the frontal
cortex of adult rats [63]. Repeated exposure to electroconvulsive stimuli also increased TrkA
and NGF protein levels in the rat hippocampus [158], suggesting that NGF may play a role in
the mechanism of action of electroconvulsive treatment. In contrast to animal studies, ECT
treatment has not been found to affect NGF levels in human patients. In patients with treat‐
ment-resistant major depression [159] or bipolar disorder with depression [160], NGF levels
were not significantly increased by ECT, even with concurrent administration of antidepres‐
sants and psychotherapy.

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms32

9. Conclusion

Several preclinical and clinical observations indicate that depression may be associated with
the inability of neural systems to exhibit adaptive plasticity. Given the role of neurotrophic
factors in neural and structural plasticity, and that depression and antidepressants exert
opposite actions on neurotrophic factors expression and functions, it is apparent that neuro‐
trophic factors signaling may be crucial in the pathophysiology of depression and in the
mechanism of action of antidepressants. However, future work will be necessary to determine
whether neurotrophic factors is a risk factor for initiation or maintenance or in the recovery
process with respect to MDD and how its circuit-level function contributes at MDD stages. In
addition, the search for more effective and applicable neurotrophic factors-based therapies is
crucial.
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The Molecular and Quantum
Approach to Psychopathology
and Consciousness — From Theory
to Experimental Practice

Massimo Cocchi, Lucio Tonello and Fabio Gabrielli

Additional information is available at the end of the chapter
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With the idol of certainty […] there falls one of the defences of obscurantism […] for the
worship of this idol hampers not only the boldness of the questions, but also the rigor and
the integrity of our tests. The wrong view of science betrays itself in the craving to be right;
for it is not its possession of knowledge […] that makes the man of science, but its persistent
and recklessly critical quest for truth.(K.R.Popper, The Logic of Scientific Discovery,
engl. tr. Hutchinson, London 1959)

1. Introduction

This decade has clocked the review of the new DSM, the fifth in the series, the instrument
considered the "bible" of psychiatry worldwide.

The document, which is accomplished today, appears firmly rooted in traditional conservative
psychiatry ignoring the progress made by the biological research field. Clearly, the dichotomy
between conservative and progressive psychiatry is not over, despite the efforts of the scientific
research in the field of psychiatry, of brain, of neurotransmitters and of quantum computation
of the brain and consciousness, i.e., the disciplines that belong to neuroscience. It seems correct,
from the point of view of ethics, remember how it is difficult to think of the research in
psychiatry as completely independent of influential external factors (kuhnian paradigms).

Recently some major events have allowed a movement of thought not only innovative, but of
profound and insistent criticism, mainly at a high intellectual and scientific level, on the
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Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



ideological implications of psychiatric diagnosis and of the increasing complexity of the
nuances that classify the psychiatric disorder, rather than looking at a window that allows,
through biological markers, a reliable diagnosis and appropriate care in the first diagnostic
instance by limiting the diagnostic error unaware that psychiatric diagnosis has dragged on
for years about the recognition of bipolar disorder from major depressive disorder [1] where
there is a diagnostic misinterpretation ranging from 40% [1] to 70% (Tenth World Day for the
Prevention of Suicide, Rome, 2012).

The fifth edition has been criticized by a number of authorities, even before it was formally
published. The main thrust of criticism has been that changes in the DSM have not kept pace
with advances in scientific understanding of psychiatric dysfunction. Another criticism is that
the development of DSM-5 was unduly influenced by input from the psychiatric drug
industry. A number of scientists have objected that the DSM forces clinicians to make distinc‐
tions that are not supported by solid evidence, distinctions that have major treatment impli‐
cations, including drug prescriptions and the availability of health insurance coverage.

2. Retrospective research on humans and animals

In the first experimental phase two mathematical tools were identified, one complex (the Self-
Organizing Map-SOM) and a simple one (the Index B2) which in time will prove valuable not
only to define the condition of the Major Depression and Bipolar Disorder, but will provide
the possibility of reasonable inferences about the biological significance of the two molecular
mood disorders.

The SOM is an artificial neural network that has the ability to put together similar objects and
distant different objects using the characteristics of the objects considered.

The index B2 (so named by the authors of the research, (namely, Cocchi and Tonello) is derived
from a mathematical operation that relates the characteristics of molecular weight and melting
point of the fatty acids isolated and recognized, by the SOM, to have the power of recognizing
the two disorders.

Proceeding by grades we will say that the two groups of subjects investigated in the first phase
of the research (apparently normal and depressed) were determined by the fatty acids of
platelets, having chosen this cell type for the morphological and functional particularities that
distinguish these cells, i.e., the presence of receptors for neurotransmitters, particularly
serotonin, and because they are also the seat of the molecular events that regulate the hemo-
coagulation process.

The results obtained experimentally, interpreted by the non-linear mathematical function, the
SOM, and the index B2 showed the ability to distinguish "psychiatric" patients from "normal"
ones. The problem was that the psychiatric diagnosis we had received was generally expressed
as Major Depression, while the arrangement of subjects within the framework resulting from
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the SOM and the index B2 induced us to think that some aspect was unclear about the diagnosis
that we had received.

Placement in the SOM and the evaluation indexes B2 (negative and positive) led us to look for
an opportunity to relaunch the experiment that, as we thought, might be able to recognize the
apparently normal individuals from major depressive and bipolar.

The opportunity came with a grant from the Marche Region, and in two years of intense work,
including the contributions of psychiatrists, biochemists, molecular biologists, mathematicians
and quantum physicists. A research that has used a combination of biology and nonlinear
mathematics was carried out, in order to identify, within the psychiatric chapter of mood
disorders, whether it was possible to identify in the platelets, and in particular in their fatty
acids, molecular features that could allow a clear and precise classification of subjects with
Major Depression (MD) and with Bipolar Disorder (BD). The results were obtained using an
Artificial Neural Network, in particular a network called Self-Organizing Map (SOM) [2, 3].
The SOM is an unsupervised competitive-learning network algorithm, which was created by
Teuvo Kohonen in 1981–82 [4-6].

With the above combination, using platelet’s Palmitic Acid, Linoleic Acid, and Arachidonic
Acid together with SOM and a mathematic index (B2), it was possible to obtain the effect of
discriminating between MD and BD, for the first time in years. The B2 index was obtained
from the summation of the percentages of each fatty acid multiplied by its melting point and
divided by its molecular weight, obtaining an indirect expression of membrane viscosity,
which induces us to identify it with the neuron membrane viscosity [7]. The B2 index is found
to be negative in MD and positive in BD, that is the membranes in MD are, by far, less viscous
than in normals, in BD, in psychotics, showing a unique and specific molecular characteristic
for subjects with MD [8]. On these bases it was possible to explain the quantitative biomolecular
approach to major depression and hypothesize that in mood disorders a biomolecular pathway
exists, moving from cell membrane viscosity through Gsα protein and Tubulin [9]. We got the
result so desired and hoped to confirm that the guess was correct, the depressed subjects were
distinguished from bipolar, beyond all psychiatric, classificatory and interpretative dialectics.
Figures 1, 2, 3, 4, 5 summarize the main steps of the research. In front of the results, we began
to reflect on the distribution and on the logic of the numbers that had been so intimately
associated with psychiatric conditions, as they represented a fact which did not take into
account therapies and nothing that from the outside could be related to subject. All this led us
to think that there was something already written in platelets that can simulate the condition
of the neuron, at least, as regards the levels of serotonin. On this observation we wrote some
articles that related to the uniqueness of the molecular Major Depression, the role of membrane
viscosity and molecular reflections on the state of consciousness and the mechanical strength
of the membrane.

During the last experiment [10] the psychiatrists have provided us with eight cases of “Suicidal
Ideation”.

When we have classified them over the SOM, the Figure 6 was obtained.
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Figure 1. Distribution of all cases [apparently Normal (white) and Pathologic (red) over the SOM obtained by Platelets’
Palmitic Acid (PA), Linoleic Acid (LA) and Arachidonic Acid (AA).

Figure 2. shows the pathologic subjects Major Depression and Bipolar Disorder) all together.
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Figure 3. (a new SOM has been realized) shows, clearly, that it was possible to distinguish the subjects with Major
Depression (red) from those one with Bipolar Disorder (blue).

Figure 4. shows the same picture of figure 3 pointing out an intermediate area which collects both cases (Major Depres‐
sion and Bipolar Disorder). For each subject we have calculated an Index called B2, We have obtained the B2 Index by
the sum of the percentages of each fatty acids (AA, LA and PA), multiplied for the melting point and divided for the
molecular weight. B2 is negative for subjects with Major Depression, positive for subjects with Bipolar Disorder. In this
way it is possible to recognize also the cases that are within a very close range as showed in Figure 5.
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Figure 5. In Figure 5 is represented the classification of the subjects with Major Depression (B2 negative-red) and Bipo‐
lar Disorder (B2 positive-blue). As can be seen, the cases, also within a very close range, are clearly distinguishable.
The combination of the SOM and of the B2 index is able to perform the right diagnosis [10].

The cases were collected where the SOM recognizes the minimum of Linoleic Acid. In
particular seven cases were Bipolar and one with Major Depression, confirming that both can
have suicidal ideation and can attempt suicide [10]. The subject, in position 15:4, was uncertain
at the psychiatric evaluation; in effect his position is a little bit out from the critical area of the
minimum of Linoleic Acid. In the same way, other areas has been found within the SOM (fig.
7): Obsessive Compulsive Disorder (OCD) area, Major Depression area, Bipolar area (the
largest), Psychotic area etc.

Figure 6. Distribution of the “suicidal” cases over the SOM.

All the experimental findings in humans and animals are resumed in Figures 7 and 8.
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Figure 7. Distribution over the SOM of human subjects and animals. According to the psychiatric diagnosis (when de‐
finitive) we can recognize: 1= OCD area, 2= Major Depression area, 3= Bipolar area (the largest), 4= Suicide area, 5=
Psychotic area, N= apparently normal area. N area collects about the 50% of the sample of subjects considered appa‐
rently normal.

Figure 8. Distribution over the SOM of human subjects and animals. According to the psychiatric diagnosis (when de‐
finitive) we can recognize: 1= OCD area, 2= Major Depression area, 3= Bipolar area (the largest), 4= Suicide area, 5=
Psychotic area, N= apparently normal area. N area collects about the 50% of the sample of subjects considered appa‐
rently normal.
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Several different animals have been mapped on the SOM, as well. The molecular similarities
[11], observed between animal and man (Figure 8), concern the conditions of Major Depression,
Bipolar Disorder, Obsessive Compulsive Disorder (OCD).

To confirm the molecular correspondence between man and animal, observe how, e.g. Cat,
Bovine, Horse and Donkey, correspond to the area of maximum Linoleic Acid and of Obsessive
Compulsive Disorder.

This area is recognized as the point of maximum concentration of Linoleic not only for
diagnostics correspondence, but also because it contains the cat, who, as feline, is known to
possess desaturase, but with low activity [12], therefore not to be able to transform Linoleic
Acid into Arachidonic Acid, resulting in savings of Linoleic, and long living animals [13].
Further, in the same animals, symptoms of OCD can occur [14, 15]. See Appendix (Linoleic
acid secrets).

3. On the non-manipulability of the SOM built for the classification of the
psychiatric subjects

Let’s suppose we want to build a fake SOM, that is, a SOM driven by us according to a desired
result. We should be very lucky, in fact we should guess:

1200 particular numbers (starting weights). By the way, really, it is impossible to know how
they could be chosen in order to obtain a particular result.

Above all, we should find a particular order of data that, because of an unknown reason (really
unknown), lead to a very particular result. In our case, we have a data base of 144 Subjects (84
depressive and 60 normal). This means that there are 144!=5.5503*10249 combinations. A
training process takes about 4 minutes. So, we need about 4.224*10242 centuries to check all
possible results thus taking a particular one. A bit difficult.

So, if we want to build a fake SOM, well, it’s almost impossible (at least in a reasonable time
even using the fastest computer on Earth).

The SOM (Figure 1) shows that major depressive subjects belong to an area which is completely
disconnected from that of healthy and bipolar. Looking at the location of the data over the
SOM, we find also a region (extreme left corner) which we attribute to psychotic subjects
according to the clinical diagnosis. We translated these facts in terms of symmetry breaking
[16), confirming that MD is a disease completely trapped apart from healthy, bipolar, psychotic
subjects and patients with obsessive compulsive disorder (OCD) (Figure 9).

“What is opposition is reconciled, and by different things the more beautiful harmony is created, and
everything is generated by the contrast.”

Heraclitus
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Figure 9. Bipartition of U. U is the Universal set representing humankind. A is the cell whose elements are character‐
ized by a positive value of B2. AC, which is the complement of A in U, is the cell whose elements are characterized by a
negative value of B2. B2 is the index who put in relation the three fatty acids, isolated by the SOM, with the molecular
weight and the melting point and that has recognized the Bipolar subjects (B2 positive) from the Major Depressive sub‐
jects (B2 negative).

4. Facts and perspectives on quantum neuron molecular research

The Quantum Paradigm Psychopathology Group (QPP) conference in Palermo (26-27 of April,
2013) has marked a definite turning point in the foundational perspective of many of the
group’s participants regarding the study of psychopathology, particularly mood disorders.
One reason for this turning point stems from a realization that two of the most common forms
of psychopathology, major depression and bipolar disorder, may be recognizable through
bimolecular markers (see Appendix: from biology to the anthropology of treatment). Long
years of theoretical study – out of the conviction that one should not be, using Feyerabend’s
words, “thought officer and concept manager”, but rather, as Lakatos claims, good creator of
theoretical frameworks able of acting “faster than the records of facts that must be collected in
them”-by independent investigators have finally culminated in a convergence of their insights
though quantum paradigms that now promise to illuminate, through the empirically tangible
route of such new bio molecular markers, pathological phenomena of the conscious brain, thus
potentially both factually confirming and further harmonizing the diverse prior contributions
of these conceptually innovative psychiatrists, biochemists, molecular biologists, philosophers
and theologians.

The idea, as stressed during the Conference in Palermo, was to take into consideration
consciousness processes, together with their normal and pathological dynamics, without
fixating on isolated elements and levels that can be observed by a privileged and detached
observer, but rather by thinking and acting effectively through connections, relations, and
networks. And all of this, always in the belief that science is the narration of a world that
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expresses emerging states, and is therefore never reducible to a simple sum of basics ingredi‐
ents, where spontaneous symmetry breakings ensure multiplicity, creativity, vitality, in
compliance with the concept of natural self-organization and systems evolution, towards
growing complex and unpredictable states.

The socio-economic significance of this procedure is undeniable: science takes shape into social
and economic structures which, by accepting the transformation from foucaultian monitoring
and control instruments (ideological reductionism) into open, fluid, emerging systems
(complexity or open logics), could really, when considering mental diseases, understand the
often blurred classifications of the DSM and open up to the important connections between
consciousness and quantum brain dynamics.

Hence the rejection of any form of ontological reductionism, which is self-referring, linked to
metaphysical-ideological cognitive dynamics, and tied to a pervasive will to power which sees
research freedom as a worrying system breakdown.

Against this epistemological backdrop, among the foundational innovators we can mention
those who have left particularly fertile footprints in terms of basic quantum theories linking
brain, behaviour, and consciousness.

Quantum Mind has been an ongoing field of study since the final decades of the last century.
Pioneers like the physicists Hiroomi Umezawa, Kunio Yasue, and Giuseppe Vitiello, mathe‐
maticians like Roger Penrose, and biomedical investigators like Stuart Hameroff, Gordon
Globus, and Gustav Bernroider have plumbed the depths of subatomic structure and its
macroscopic amplifications in search of substrates for quantum computation and other
capabilities that may match attributes of the normal human psyche better than models
advocated by conventional cognitive neuroscience.

In the domain of psychopathology, Gordon Globus has gone on to propound a highly original
concept of schizophrenia linked to the “tuning” of quantum vibrations suffusing the brain.
Nancy Woolf, along with co-authors including Jack Tuszynski, has offered credible links
between psychopathology and quantum-computational dysfunction within the skeletal
proteins giving shape to brain cells. Paavo Pylkkanen has related the physical substrates of
mental illness to quantum “pilot waves.” Donald Mender has proposed ways of comprehend‐
ing the neurophysiology of disordered thinking and emotion in terms of quantum "phase
transitional" analogies to the freezing and melting of ordinary matter; he has also contributed
to a reframing of psychiatric disease nosology in light of the anthropic principle. Ursula
Werneke has complimented this anthropic reconsideration through her examination of
psychotically “impaired” reality-testing in the context of Hugh Everett’s many-worlds
ontology. Massimo Cocchi, Lucio Tonello, Fabio Gabrielli, have forged links between serotonin
and quantum phenomena via membrane biophysics in depression and psychosis.

The above honor roll of seminal QPP theoreticians is surely not exhaustive, but these brief
remarks are not intended as a complete historical review. Rather, the purpose is an opening
into the possibility of turning today’s theoretical potentialities into experimental confirmed
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reality. It should be recalled and emphasized as a guiding principle that the cohesion of a
convivial multidisciplinary group operating without the winnowing constraints of competing,
mutually exclusive ideas may not remain true to the epistemic rigors of science. QPP can
minimize this sort of hazard by maximizing, in the spirit of Karl Popper, exposure of its most
cherished conjectures to a fair risk of experimental refutation.

A number of participants in the Palermo conference have signed a document, aptly called “The
Declaration of Palermo,” whose conclusion asserts:

“Even the absence of highly complex synaptic connections among neurons does not
preclude the presence of at least rudimentary phenomenal experience in organisms
endowed with superposed micro tubular dimers, ordered water, membrane ion channels,
and/or crucial lipid raft assemblies connected to selected second messenger systems. In
addition, quantum-biophysical aspects of these and/or other yet undiscovered structures
and related processes may prove to be potent factors in the deeper etiologies and improved
treatments of psychiatric disorders.“

The Declaration of Palermo was written by Donald Mender and Massimo Cocchi
and edited by: Don Michele Aramini, Gustav Bernroider, Francesco Cappello,
Fabio Gabrielli, Gordon Globus, Mansoor Malik, Efstratios Manousakis, Kary
Mullis, Eliano Pessa, Massimo Pregnolato, Paavo Pylkkänen, Mark M. Rasenick,
Lucio Tonello, Jack Tuszynski, Giuseppe Vitiello, Ursula Werneke, Paola Zizzi.

This strong theoretical statement invites an opening into possible experimental models that
will test the reality of the group’s hypotheses by identifying, starting from precise molecular
reference points characterizing the two mood disorders mentioned above, a non-trivially
quantum pathway of bio molecular changes conditioning brain processes through the most
intimate aspects of neuronal, trans neuronal, and sub neuronal function. In particular,
membrane viscosity and its role within the interactome may prove to figure centrally in
quantum-chemical transduction of neural signals.

The Declaration of Palermo concerning the plausibility of a quantum basis for consciousness
entails a lucid analysis of phenomenologies crucial to both human beings and other creatures.
The main feature belonging intrinsically to both Homo sapiens and non-human animals is a
common core awareness that is nevertheless expressed differently for each kind of organism
at divergent levels overseeing management of disparate needs and actions, realized through
behaviour in relation to concrete variations of the external environment. The dimension of
“self-consciousness” is evolved, step by step, in phylogenetic progression according to an
admirable order justifying the survival of each unique life form with respect to the particular
tasks which it has to perform.

Today we are equipped with many high-end tools in our attempts to understand all the steps
in the evolution of consciousness, but it is through intuition that we will achieve, simply, an
adequate interpretation of consciousness itself, that most complex and extraordinary gift.
Pending such ‘intuition,” some members of the QPP group have decided to submit to classical
experimental testing those insights that each contributor has independently adduced through
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theoretical inquiry, that is, through the construction of an empirical map laying bare the most
germane trans neuronal, neuronal, and sub neuronal molecular changes with an eye toward
the possibility of inducing and measuring changes in membrane viscosity correlated with in
vivo manifestation of mood disorders. As far as we know this will be the first time that such
micro-molecular events are to be tied rigorously to molar cognitive phenomena.

The resulting experimental data may offer an enduring empirical anchor in contradistinction
to the intersubjective vagaries that have afflicted those various psychiatric disease nosologies,
most recently DSM V, issuing from the hollow consensus of committees and cultural contextual
fashion. If the experimental program planned by the QPP group succeeds, the goal of psy‐
chodiagnostic validity, heretofore sacrificed by DSM to mere inter-rater “reliability”, may at
last be achieved.

5. A working hypothesis: Quantum Neuron Molecular Mapping (Q-
NeMoMa) project

5.1. Numbers and figures of the experimental background

There is full knowledge that each mood disorder will manifest with different states of con‐
sciousness [17, 18].

Our platelets results, in their correspondence with the strong diagnostic power between
Bipolar Disorder and Major Depression, and in the similarity found between human and
animals, give the possibility to investigate the different neuronal genetic expression, and the
possible inherited errors in neurons. The working hypothesis should provide neurons, from
different animal origin, which are known to have molecular characteristics similar to those of
man with mood disorders. Table 1 and Figure 10 [19-24].

This could allow understanding, first, the different gene expression according to the different
psychiatric disorders studied; second, culturing the neurons belonging to the different animals,
it will be possible to arrange modifications of the cell membrane viscosity. In agreement with
the assumption, the path described can reasonably lead to the possibility to artificially create
models of membrane viscosity corresponding to changes of the psychopathological phenom‐
enon with the ability to achieve the set of molecular evaluations necessary for the understand‐
ing of the modifications of the interactome (the whole [array of] molecular interactions that take
place in an organism and allow the cascade of regulatory molecules including the mechanism of action
of enzymes and metabolic reactions).

The Q-NeMoMa project, practically, wants to investigate the molecular modifications of the
neuron according to different modifications of the viscosity of the neuronal membrane.

Some of the most important world experts have come together to identify the experimental
procedures to be carried out.
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Fatty Acids (% mean values)

Animals Cases Palmitic Acid Linoleic Acid Arachidonic Acid B2 Index

Sheep 4 pool of 3 19.91 8.22 4.73 3. 980

Bovine 4 pool of 3 18.37 26.72 6.77 2.937

Cat 4 pool of 3 17.45 27.75 9.54 2.240

Horse 4 pool of 3 14.8 23.17 6.46 2.173

Donkey 8 pool of 3 14.39 19.68 6.34 2.154

Guinea pig Literature 17.4 12.4 14.6 1.675

Rat Literature 24.40 9.5 20 2.567

Pig 80 26.09 8.78 14.12 3.957

German Shepherd
7 18.9 21.5 20.39 0.936

1 15.13 20.65 22.00 -0.240

Alaskan Malamute
5 18.25 19 21.2 0.688

1 16.7 17.89 23.93 -0.120

Humans (normal) 60 20.68 19.41 14.06 2.445

Depression 1 (MD+ BD) 84 17.92 16.71 19.03 1.002

Depression 2 (MD) 41 17.22 9.34 26.81 -0.310

Bipolar 67 19.75 8.65 23.79 0.819

Ischemia 1 50 23.32 10.51 15.17 3.072

Ischemia 2 87 19.59 4.74 12.72 2.658

Young adults 45 18.16 21 14.71 1.690

Children 59 23.23 11.82 10.77 3.746

Table 1. Average Fatty Acids and B2 index of different animals and human beings.
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Figure 10. Distribution of animals and humans over the SOM.

From this important research will be possible to obtain data needed to assess whether,
corrective actions for the improvement of the devastating conditions of all those who are
suffering from mood disorders, will be possible.

A valuable help to the understanding of the neuron functioning can come from quantum
molecular computation, by being able to interpret the neuron modifications, in the occurrence
of the most important mood disorders such as Major Depression and Bipolar Disorder.

The suggested path could start from the largest scale: the cell membrane.

Five parallel approaches should be addressed, working one with the other, Figure 11:

1. Quantum chemical scale of neural signals by Bernroider [25, 26].

2. The Fatty Acid profile (Palmitic, Linoleic and Arachidonic Acids dynamics) of Cocchi and
Tonello [2, 3, 7, 8, 9, 10, 11].

3. The role of lipid raft and G protein of Mark Rasenick [27-29].

4. Cytoskeleton modifications (Microtubules and Tubulins) studied by Tuszynski [30-33].

5. The exosomes studied by Francesco Cappello [34].

The complex dream we are running is to realize the molecular hypothesis of consciousness,
designed in 2008 (private meeting in Bologna, Department of Veterinary Medical Sciences) by
Massimo Cocchi, Lucio Tonello, Mark Rasenick, Stuart Hameroff & Kary Mullis. Figure 12.
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Figure 12. The consciousness molecular path

The whole path could be supervised by Gabrielli (Philosopher [8]) and Mender (Psychiatrist
[35]), scientists of rigorous intellectual skills with a profound vision of the theoretical and
conceptual aspects of psychopathology and quantum consciousness.

Figure 11. The steps of the project
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5.2. Final theoretical issues

Although there is evidence of a continuing effort by the international psychiatric community
to refine the diagnosis of mood disorders, to date, the traditional diagnostic criteria are not
enough sensitive in identifying patients with Bipolar Disorder (BD) from those suffering from
Major Depression (MD), in the first diagnosis. Diagnosis remains mostly late and treatments,
that may improve symptoms and quality of life, continue to be preceded by interventions
which, in addition to not providing adequate relief, often worsen the BD course, increasing
the likelihood of inducing rapid cycles or suicidal behaviour [50, 51].

Differential diagnosis of BD symptoms from other diagnoses has been documented as difficult
[52-55]. Diagnosing BD from MD, psychosis, borderline personality disorders, obsessive-
compulsive disorder, etc.) or neuropsychological disorders (cognitive impairment, dementia,
etc.) or neuropsychological disorders, has presented challenges. Moreover, manifestations are
highly variable not only from patient to patient, but also in the same subject at different stages
of the clinical course and in later life.

To overcome this impasse various strategies have been identified and more sensitive and
specific assessment tools have been searched for discriminating the BD condition and over‐
come the delay of an accurate diagnosis has been particularly difficult with MD. The BRIDGE
study indicated a first way to go [56], and highlight the strength of some variables such as:
mania/hypomania developing during therapy with an antidepressant or other drug, mood
lability developing during antidepressant therapy, 2 or more prior mood episodes, and
positive family history of mania/hypomania. A debate is essential between the advocates of
traditional diagnostic and therapeutic methods and advocates of emerging methods resulting
from new discoveries.

Major depressive disorder and other related and nonrelated psychiatric conditions are still
characterised and defined by descriptive and non-biological criteria, but it is hoped that we
can adequately characterise this and other psychiatric disorders with the addition of new
quantitative approaches.

Cocchi and Tonello have studied platelet membranes of depressed subjects, enlisting profiles
of FAs as a possible measure of the membrane status and to determine whether fatty acids
could provide indications of diagnostic help between normal subjects and subjects affected by
mood disorders. In the first experimental phase, two mathematical tools were identified, a
complex one (Self Organizing Map (SOM)) and a simple one (the B2 Index), which will prove
valuable not only to define the condition of the Major Depression and Bipolar Disorder, but
also to provide the possibility of reasonable inferences about the biological significance of the
two molecular mood disorders.

We see the emergence, in summary, of some stringent theoretical and anthropological focuses:

• Firstly, the distinction between first-level ontological Depression and second-level ontolog‐
ical Depression.

• The first kind of depression, of an existential nature, expressed by the most varied cultural
traditions, is rooted in our structural contingency, which in time and in becoming recognises
the mark of its own finiteness (man as an anguished and depressed “natural” animal).
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• Second-level ontological Depression, on the other hand, refers to MD, understood as a
molecular, bio-existential niche, marked cogently by serotonin and fatty acids, with its own
specific “emotive tonality” [57, 58].

• The centrality of the concept of situation, that is of man as a being located “here and now”,
starting from biological markers able to offer the diagnosis of MD and BD an extremely real
substrate, to be faced on an empirical, therefore public base, to construct a DSM that is not
pregnant with pseudo-phenomenology or ideology, but which looks at the dasein of
consciousness in its true biomolecular flesh [57, 58].

• The continuity between biology and culture, which finds full confirmation in the phenom‐
enon of depression, whose original (ontological) biological nature (serotonin, fatty acids)
thoroughly intercepts the structural (ontological) precariousness of living that the great
cultural narrations have rooted in flesh and blood (ontic) existence.

• The view of man as a synthesis of Körper and Leib: life experience is always rooted in biology,
the phenomenological “losability” and “impossibility” [59] are also, and firstly, biological
“losability” and “impossibility”.

To remain in the distinction, often denied only in the intentions, between erklären (causal
explanation) and verstehen (psychological comprehension) means ignoring the prolific
acquisitions of complexity theory; above all it means remaining prisoner to the “myth of the
sense”, on whose basis life experiences, the phenomenological approaches, the philosophical
articulations, on which an authentic interpretation of the psychopathology should depend, are
hypostatised. The reification of the metaphors, the empty sentimentalism of the interior
resonances, the veneration of the illness as a fruitful production of alternative worlds, the dilution
of the tragedy of depression in the imaginative vis of melancholy: this is the most injurious product
of pseudo-phenomenology.

Also biology produces sense, indeed it is the original meaning on which to graft other forms
of meaning, of which philosophy is undoubtedly a strong interlocutor, but alongside other
forms of knowledge (biochemistry, quantum physics, biomathematics, anthropology, sociol‐
ogy…), as an overall, heuristic synthesis, expressive of an autonomous, therefore “adult”,
approach to psychopathology [57, 58].

Lastly, it is necessary that the scientific community and the world of the clinical profession
commit themselves increasingly so that psychiatry and psychology can constitute themselves
as heuristic bio-analytical-existential knowledge, where the diagnosis is not placed under the
Heideggerian “yoke of the idea” [60, 61] (classificatory ideology and diagnostic imperialism),
but refers to convincing biological markers. In this context, comparison with the neurosciences
appears inescapable, particularly in their quantistic standpoint [62-67], with all the implica‐
tions, also of an ethical nature, that this involves [68-78].

In other words, to start from biology to move towards increasingly complex systems, able to
integrate biochemical expressions, living and irreducible existential experiences, social and
cultural contexts. Depression therefore needs to be inscribed within a horizon of unmythicised,
polyvocal meaning where the biological, physiological, clinical, existential, psycho-social and
anthropological aspects are set as objective a hermeneutic framework as possible.
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This is all the more so at a time like the present, when a person is often appraised only on the
basis of successes achieved, of objects flaunted, of products voraciously consumed, in the
instant, of his social visibility, of relentless efficacy, of perfect adaptation of the “thinkable to
the possible”: all contexts where the genetic and biological psychopathologies of mood are
disproportionately amplified [79-83].

If the mechanistic-reductionist cognitive approaches have been characterised by the metaphor
of the “edifice”, of the solid Cartesian rock, all the forms of knowledge founded on complexity
theory have been characterised by the metaphor of the “network”, of thinking in relationships,
in a dynamic, fluid, open manner. In the field of mental illness, this means setting aside both
the organicist paradigm and the pseudo-phenomenological, “sentimentalistic”, and therefore
ideological, paradigm, in order to have an integrated view of biological objectiveness and
humanistic psychotherapy.

That is to say, an expression of diverse interrelated contributions from the various disciplines
(psychiatry, psychology, biochemistry, anthropology, quantum physics, mathematics,
philosophy).

The observer thus becomes a builder of models, a manager of complexity, giving treatment
the character of a truly empathic relationship. This is all the more so where distressing
pathologies are involved, such as Major Depression and Bipolar Disorder, “caput mortuum”
of psychiatry, because the absence of cogent biological markers seriously compromises every
form of therapy. Hence the identification of a biological platform (fatty acids of platelets) as a
starting point for a correct classification of MD with respect to BD.

6. Conclusion

The identification of three platelet fatty acids (Palmitic Acid-PA, Linoleic Acid-LA and
Arachidonic Acid-AA), in addition to allowing the identification of subjects affected by Mood
Disorders, brought about some hypotheses which, over the time, have been proven by robust
experimental data concerning also the concept of serotonin uptake on the basis of membrane
viscosity. Platelets, considered cells with high affinity to neurons, have the same embryonic
origin of brain and skin (ectoderm). Over the last thirty years, numerous and influential works
have reported a similarity between platelet and neuron’s serotonin concentration, mainly in
MD and BD.

This evidence, together with the possibility of classifying the two main mood disorders (Major
Depression, MD and Bipolar Disorder, BD), led to some considerations on the molecular
uniqueness of MD, generally understood as a phenomenon affecting only human beings, and,
more precisely, just part of them. The identification of the characteristics that distinguish MD
subjects from BD ones occurs through the different position on the SOM of the triplet of fatty
acids, above mentioned, detected for each subject, and through the B2 chemical index.

In this context, we can trace the human states between normality, BD and MD, the latter
considered as a bio-molecular and existential niche. Looking into the undeniable distinction
made between depressed and bipolar subjects thanks to the neural network (SOM) and the
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chemical index (B2) for indirect assessment of platelet membrane viscosity, we asked ourselves
the question of whether the molecular characteristics of subjects with MD were completely
different from those of all other living beings both humans or animals. In the light of the
experimental data, humans can have either positive or negative values of the B2 index. Those
humans having positive values of B2 are normal (N), bipolar (B) and psychotic (P) people. On
the contrary, major depressed subjects (MD) have negative B2 values. On the basis of our
hypothesis, MD would be, at this point, the real disease, among all Mood Disorders, with
specific molecular features and expressions of consciousness, according to the concept of
Symmetry Breaking. The use of biochemistry, non-linear mathematics, and human-animal
comparison leads to some reflections that are not only really close to a cultural and biological
interpretation of mood disorders, but also pave the way for diagnostic perspectives and
predictive interpretation patterns of the disease known as “Mood Disorder”.

Appendix — From biology to the anthropology of treatment

It is undeniable that the depth of the ens sofferens, to be approached with a curative word
[36], cannot be traced only to disease—pathology or biomedical classification—but also to
illness—experience of  the malaise as lived—and sickness—the social  determination of  the
condition [37-39].

For all societies, illness is an event to be interpreted; it is not just a biological fact but also a
cultural one. Basically, illness is representation, interpretation, of a portion or of all reality by
individuals in a certain social context. The medical description of the human body and the
illness always refer back to culturally peculiar meanings.

In strict terms, we could say that the pain articulates its meanings in suffering, which is a
restless reflection on the ineluctable, and nevertheless unexpected, occurrence of the illness.

It can be understood, then, that only medical practice that does not limit itself to the biomedical
dimension, which is in any case an indisputable point of departure, but is able to meet with
the suffering person in his or her intimacy, can ensure, if not salvation against the perverse
myth of recovery, at least dignity of the treatment as a profound ethical and existential
relationship.

Hence the opening towards intimacy as a dual construction of meaning, the planning of
significances contributed to both by the patient, in trusting abandon, and by the physician, as
a warm, experienced responsibility. The intimacy is inhabited by the treatment (sphere of
essential meanings of living) and not by anxiety (sphere of intra-worldly commerces), precisely
because the experience of illness is experience of a relational wound which destructures the
biological and existential narration of the subject:

• Wounded in relation to his own body, in Der Zauberberg Thomas Mann says that “illness
makes men more corporeal, it makes them all body” [40], from which, on the one hand, we
wish to distance ourselves as it is a sign of the precariousness of existence, while on the other
hand we want to master it as we never did when in good health, because the anguish of

The Molecular and Quantum Approach to Psychopathology and Consciousness — From Theory to…
http://dx.doi.org/10.5772/59392

67



feeling expropriated by it, not only by the almost fleshly possibility of death, but also by its
medical visibility (the anguish—increasingly flaunted, for that matter, and reiterated like a
mantra—of the reification of the medical approach), makes us feel the full weight of our
vulnerability;

• A relational wound with respect to everyday life, whose narrative laceration provokes at
first dismay, then a steady eclipse towards an indeterminate space-time, which for this
reason is anguishing and inhospitable, and requires an approach that is not simply clinical
but, precisely, one of intimacy, which, as a profound expression of empathy, configures itself
as discretion, the word held back, the gesture experienced, total attention for the suffering
countenance in a mutual exchange of meanings.

In the case of mental illnesses, then, the social, cultural weight takes on an almost transcendent
value, due to the often blurred correspondences between classification and natural object,
between nosology and effective reality of the illness.

When all this is recognised, what remains, excluding the interpretations of meaning, is the
structural necessity, when coping with the illness—in our case the psychopathology—of
starting from the biological fact, from objective biological markers, without which experience,
biographical narrations, cultural rootings would be empty just as biology, on the other hand,
would be blind.

The meaning is not only the prerogative of philosophy, which certainly remains a strong
interlocutor, but also of biology and biochemistry: the corporeal meaning/significance of a
pathological event.

Certainly, a medicine limited to the biological fact cannot be extensive and ostensive of the
illness. At the same time, however, no one should doubt—as however happens unfailingly—
that starting from a bio-medical platform can ipso facto reduces the physician to a pure
functionary of the body and of the pathology connected with it.

Ultimately, we need to remind the alleged monolithic custodians of the thought of Husserl,
Heidegger, Jaspers, Minkowski and Binswanger that rooting the pathology in biology does
not mean expropriating the sick person of his illness and making the physician a mere
functionary of the organism, an all-out pathologist who ignores biographies, experiences,
corporeal dynamics and relational ontologies.

If anything, biographies, relationships, cultural expressions can be preserved in all their
dignity, once their genuine biological matrix has been determined.

On the other hand, we risk only metaphysical hypostatisation and, therefore, a treatment
rooted in an immobile metempirical “elsewhere”.

A fruitful heuristic synthesis between Körper and Leib, erklären and verstehen [41], as a true
commitment to healing the “living flesh” (Fr. chair) [42], is possible only if we start from the
biological roots of our being in the world (in der Welt sein).

Heidegger’s figures of omnipotence (Allmacht) and impotence (Ohnmacht) [43], can be taken
up and re-elaborated in a synthesis between the naturalistic, classificatory power of science
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A fruitful heuristic synthesis between Körper and Leib, erklären and verstehen [41], as a true
commitment to healing the “living flesh” (Fr. chair) [42], is possible only if we start from the
biological roots of our being in the world (in der Welt sein).

Heidegger’s figures of omnipotence (Allmacht) and impotence (Ohnmacht) [43], can be taken
up and re-elaborated in a synthesis between the naturalistic, classificatory power of science
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and the ever-open possibility of phenomenology, avoiding the same Heidegger’s anti-
technicist derailments and the exacerbated revivals of Binswanger’s phenomenology as a mere
therapeutic praxis, without theoretical rigour.

Like psychiatry and psychology—bio-reductionist and limited to the illness—so too “antipsy‐
chiatry”, which reduces the illness only to a social construction, process of control, of exclusion/
inclusion managed by bio-power [44-48], unable to recognise the productivity/creativity of
schizophrenic processes [49], ends up by prejudicing the genuine dynamics of the treatment.

Hence the need for an objective biological reference able to act as a cogent platform in the
treatment relationship, with reference to two distressing psychopathologies: MD and BD [1].

Appendix: Linoleic acid secrets

Linoleic acid, a regulator of the fine tuning?

On why you can read in the platelet, what happens in the neuron in the case of mood disorders,
we are not, up to now, able to give complete answer.

It will help in trying to understand the phenomenon, the configuration of the level curves of
the various fatty acids made in the SOM (Figure 13). The values of C20: 4 (Arachidonic Acid)
stored in each artificial neuron ADAM were interpolated and distributed all over the map,
depending on the distance weighted of minimum squares. A graphic profile, therefore, has
been made and expressed in a 2D plane (Figure 14).

Figure 13. The value of C20: 4 stored in each artificial neuron of ADAM
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Figure 14. The level curves were made and expressed in a two-dimensional

Following the same procedure we have identified the maximum and minimum levels of the
other fatty acids (Figure 15).

Figura a. The value of C20: 4 stored in each artificial neuron of ADAM 

Figura b. The level curves were made and expressed in a two-dimensional
Following the same procedure we have identified the maximum and minimum levels of the other 
fatty acids (Figure c).

Figure c. Minimum level (blue) and maximum (brown) of the fatty acids identified by the SOM 

If we plot all three fatty acids expressed as index B2 we obtain Figure d. 
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Figure 15. Minimum level (blue) and maximum (brown) of the fatty acids identified by the SOM

If we plot all three fatty acids expressed as index B2 we obtain Figure 16.
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If we plot all three fatty acids expressed as index B2 we obtain Figure 16.
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Figure 16. B2 index distribution over the SOM

The index B2, seems to be a good predictor of the macro-areas (Figure 17)
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Figure 17. Level curves of the B2 Index over the SOM

The Molecular and Quantum Approach to Psychopathology and Consciousness — From Theory to…
http://dx.doi.org/10.5772/59392

71



A glimmer of light appears when we realize that only with the SOM and the B2 index, together,
we can accurately identify the characteristic of the subject (SOM and B2 do not know of each
other but converge on the same target). This observation becomes necessary when more than
one subject, with the same B2 index have two different positions in the SOM, i.e., the same
index can classify subjects in different areas. This finding is very important because it means
that, in addition to the reasoning on the mobility of the membrane, there is another element
of conditioning, and since everything revolves around the three fatty acids previously
mentioned, must necessarily be one of them, in its concentration, that makes the difference
and can affect the mood profile of the subject. Even in these cases we have accurate diagnostic
findings.

For a variety of reasons that we will try to make explainable, attention is especially drawn to
the linoleic acid, an essential fatty acid which is not manufactured by the human or animal
organism. The level curves, which have been previously mentioned, show as the absolute
minimum of linoleic acid, as shown below, corresponds to the minimum point of the B2 index
(Figure 18):

B2
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Figure 18. B2 index and linoleic acid distribution over the SOM

The fan produced by the SOM, from right to left, shows that the B2 is in progression from-2.64
To 8.23 (Figure 19).

The apparently healthy subjects are characterized by a mean value of B2 equal to 2.80.

This value is the midpoint between the extremes-2.64 (absolute minimum given by the map)
and 8.23 (absolute maximum expressed by the map).
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A careful analysis of the mathematical formulation of the index B2 shows that it is governed
almost entirely by the Arachidonic and Palmitic Acid. Intuitively this is deduced by expressing
the average values of the two fatty acids of ADAM, using level curves, which appear qualita‐
tively symmetrical (Figure 20).

Figure 20. Demonstration of the symmetry of the distribution of palmitic acid (C16: 0) and arachidonic acid (C20: 4).

Are these two fatty acids that determine the macro area of a subject? Within a macro area is
the intervention of linoleic acid that modulates with precision the position of the subjects.
Maybe C18: 2 is the main actor in the "fine tuning"? (Figure 21).

Figure 19. Distribution of the B2 index over the SOM
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It is likely that in the circumstances that discriminate a healthy person from a pathological, the
difference of linoleic determines, however, a modification of the biochemical factors involved
and / or responsible for the biochemical and pathological determinism of the “Depression”, of
course declinable also on the basis of environmental / cultural influences. It should also be
noted that the effects of linoleic acid on disease are relevant because of the configurations,
equally balanced, of both, Arachidonic Acid and Palmitic Acid. Practically, referring to the
positions of the subjects in the map ADAM, for values beyond a certain limit of Arachidonic
Acid, the subject is surely depressed, as also happens for values beyond a certain limit Palmitic
Acid. When B2 is in a neighbourhood of the normal value, it becomes decisive the percentage
of linoleic acid. These configurations introduce, however, the concept of hyper saturation of
the platelet in the case of Palmitic and that of hyper unsaturation in the case of Arachidonic.
Another discriminant, between the two mentioned for the connotation of the disease, must be
identified in Linoleic Acid which, in case of excess, restates the biochemical conditions for the
development of the pathology. Certainly the network works beyond these operations, not yet
known and interpreted probabilistically, of connection among the values that were adminis‐
tered.

A key point, that of linoleic acid, which requires the opening of a new chapter of considerations.

To better understand the reasoning on the data of linoleic acid, as well as his involvement in
the molecular determinism of mood disorders, we must draw attention to some scientific
findings that have linked, adversely, excess of linoleic acid, even for not very high concentra‐
tions, with some biological functions [84] and molecular interactions, i.e. the microtubules
disruption [85].

A series of studies of cellular nutrition [86], on the effect of different amounts of phospholipids,
extracted from various organs of calf (diencephalon, retina, cerebral cortex and heart), were
made on chick embryo myocardial cultures.

From numerous tests, it was observed that the heart phospholipids, differently from the others,
reduced, strongly, the migration speed of the cultures.

We did not understand at that time that the cardiac phospholipids, unlike the others (midbrain,
retina and cerebral cortex), are very rich in linoleic acid, and that their addition, in addition to
the amount naturally present, could be responsible for profound changes observed.

Figure 21. The distribution of linoleic acid on the map represents the core of the SOM
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This effect could confirm once again the criticality of linoleic acid. Obviously, the consequences
of the condition of excess will focus on the biological system in which the phenomenon occurs.

Even in case of reduction of linoleic acid may occur undesirable phenomena, as happens for
example in the process of hibernation, in regulating the flow of calcium into the cardiac cell
[87, 88].

The lipid structure of the brain as well as investigated [Cocchi and Noble, data not published,
[89]] manifests the same characteristics in the extreme positions of the evolution of warm-
blooded animal (from birds to humans) in the course of phylogeny [90], i.e. the level of Linoleic
Acid is very low (about 0.3%).

It is possible to assume, reasonably, that while the manifestation of Mood Disorders is
recognizable by the increase or decrease of specific fatty acids, Linoleic acid, even in its
consolidated stability, could be the element capable of inducing, for small changes, amplifi‐
cations of pathological brain responses.

Perhaps, within the concept of symmetry breaking and within the considerations on the
linoleic acid, we can find answers to questions that the work done raises.

In particular we have, for a long time, faced the problem of how the set of three fatty acids
could correspond with absolute precision to a condition of DM or DB. The perception that the
set of identified molecular mechanisms might underlie the implications of quantum con‐
sciousness has been widely debated, finding aspects of great consistency in the molecular
interactions involving membrane Gsα protein and cytoskeleton [9, 29, 28, 91, 92].

If we look at the map of the B2 index and the distance between the indexes (the expression of
a molecular properties) we can realize how, in biology, the mathematical measure can express
appreciable variations, in a numeric around, relatively close, as well as the positive and
negative sign that characterizes respectively DB and DM, can never be interchangeable,
consistent with the demonstration of the symmetry breaking between DM and DB.
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1. Introduction

Functional neuroimaging technologies have played an important role in the observation and
characterization of the change in the brain function during depression. Various treatment
techniques for depression related to brain function changes have been investigated based on
research on functional neuroimaging technologies. However, the development of such
technologies has focused more on the effect of the pharmacotherapy neural mechanism than
on the effect of psychotherapy on depression treatment. This has led to an unbalanced
approach to depression treatment, which emphasizes pharmacotherapy more than psycho‐
therapy even if the treatment cost and depression treatment efficacy of the former are similar
to those of the latter.[1, 2] This imbalance was caused by the traditional perception of phar‐
macotherapy as a biological intervention and of psychotherapy as a psychosocial intervention.
[3] However, the recent development of functional neuroimaging technologies proved that the
changes in the affect/behavior/cognition after psychotherapy are caused by biological under‐
pinning. Many recent studies on depression confirmed through neuroimaging that psycho‐
therapy has neural correlations. These studies proved that psychotherapy is a biologically
rigorous approach.[4]

The neurobiological change in, and the putative mechanism of, psychotherapy in depression
have recently been highlighted.[5] These are very important mainly in two aspects. First, each
psychiatric intervention should have a neuroscientific basis. Psychotherapy has been poorly
supported scientifically until now. Its treatment efficacy on depression was empirical from
history and experience. The effective development of pharmacotherapy requires a neuro‐
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scientific basis that enables estimation of the side effect or the concomitant effect of a drug.
This is also the case for psychotherapy. Second, the relationship of psychotherapy and
neurobiology would help provide neurobiological evidence of the efficacy of various therapies
based on psychotherapy (e.g., cognitive behavior therapy (CBT) and neurofeedback). Scientific
evidence of psychotherapy would promote its development.

The poor neurobiological evidence of psychotherapy was caused by difficulties in directly
observing neural plastic changes in the human brain. Conventional methods of brain plasticity
observation could be used only at the cellular level. The development of functional neuroi‐
maging technologies enables non-invasive observation of plastic changes in the human brain.
With these new technologies, training- and learning-related changes in the brain activation
pattern could be observed [6] and applied in depression patients. In other words, changes in
the brain function, especially in the neural mechanism, and changes in brain areas and circuits
due to psychotherapy in depression, could be more closely observed. Moreover, the relation‐
ship between pharmacotherapy and psychotherapy could be investigated neurobiologically.
By approaching the relationship between these two therapies neuroscientifically, an optimal
therapy for depression can be chosen, and combined evidence of the efficacy of these two
therapies can be prepared.[7, 8]

Most studies on functional imaging that analyzed the effect of psychotherapy on depression
have used the nuclear medicine method. In such method, the brain metabolism and the blood
flow on the pre- and post-treatment scans are compared using positron emission tomography
(PET) or single photon emission computed tomography (SPECT). Functional magnetic
resonance imaging (fMRI) is also very useful for measuring brain activation during depression
treatment and the follow-up period with no exposure to radiation. However, fMRI is mainly
useful for measuring the brain activation pattern during perceptual or cognitive tasks rather
than for measuring the baseline brain metabolism. In measuring brain function changes using
fMRI, two techniques are required: (1) one for provoking symptoms under MRI environments,
and (2) the other for measuring the neural correlates of the psychopathology.[9]

In this chapter, the analysis of the relationship between psychotherapy and the brain function
in neuroimaging studies for depression will be discussed. Systemic and critical reviews will
be presented, and how psychotherapy changes the brain function of depression patients will
be discussed.

2. Applications of neuroimaging for psychotherapy on depression

2.1. Understanding of consciousness and unconsciousness

It is common knowledge that unconsciousness is an integral part of the psychotherapy on
depression. Recently, neuroimaging has made it possible to understand the unconscious
process. According to several studies, subjects without depressive disorder have shown
normal emotion and anxiety; however, the amygdala was activated after they have been
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exposed to a scary facial expression. Despite the fact that the subjects were unconscious of the
stimulation, the amygdala, which is associated with anxiety, was activated when they were
quickly exposed to a normal facial expression after transitioning from a scary facial expression.
[10, 11] This indicates that anxiety is expressed through the unconscious process in patients
with depressive disorder, which has been verified by neuroimaging. In another study, an
amygdala hyperactivation, as well as a medial prefrontal cortex and an anterior cingulate
cortex hypoactivation, occurred after exposing the patients with depressive disorder to the
stimulation, and then examined through the use of the fMRI.[12] This result has been verified
by fMRI, and it shows that the unconscious anxiety, which appears through the activation of
the amygdala, cannot be consciously controlled in patients with depressive disorder.

2.2. Prediction of the risk factors on depression

Normal subjects, who have never experienced depression, were divided into two groups,
namely, a group with a family history of depression and a group without a family history of
depression. After processing the comparison, the volume of the hippocampus and prefrontal
cortex was significantly reduced in the group with a family history of depression.[13, 14] This
result explains some of the hereditary aspects of depression, thereby indicating the association
of the neuroimaging findings with the risk factors on depression.[15, 16] In a study on
functional neuroimaging, there is a remarkable mood-down-regulation effect due to the
increased task in the normal group with a family history of depression than in the normal
group without a family history of depression. Furthermore, the activation of the amygdala
significantly increased in the normal group with a family history of depression as compared
to the other group.[17] The activation of the putamen and insula was significantly lower in the
normal group with a family history of depression than in the other group without a family
history of depression in a reward expected situation, whereas the activation of the anterior
cingulate cortex was significantly higher in the normal group with a family history of depres‐
sion than in the other group in a punishment expected situation.[18] The aforementioned
results are expected to explain some of the hereditary and risky aspects of complex depression.
For this reason, it is interesting that the report on the abnormality of the limbic system and
prefrontal cortex was observed in normal subjects without clinically significant depression.

2.3. Comprehensive development

Studies have been conducted in order to investigate the association of abnormal neuroimaging
findings with trauma that has been experienced during childhood, and environmental and
individual risk factors of depression. A previous study reported that the hippocampus volume
was more reduced in patients who suffered from depression due to sexual harassment below
11 years of age than in patients who did not experience any sexual harassment at a young age.
[19] In addition, the volume of the dorsomedial prefrontal cortex was more reduced in the
group with child maltreatment than in the normal group.[20] The aforementioned studies were
conducted in order to investigate how biological and psychological developmental factors,
such as psychological trauma during childhood, progressed into pathophysiology of depres‐

The Effects of Psychotherapy on Brain Function — Major Depressive Disorder
http://dx.doi.org/10.5772/59405

85



sion. However, the same psychopathology of depression is not always observed even if the
subjects grew up in the same environment with the same genetic background.[21] Personal
coping strategy, personality, and resilience contribute to the occurrence of depression, which
makes the pathophysiology of depression more complex.[22-24] It was reported that the right
amygdala- dorsomedial prefrontal cortex connectivity increased and the left amygdala-
anterior cingulate cortex connectivity decreased in the normal group after they were exposed
to negative emotions, such as fear and fury, as the severity of neuroticism increased.[25] In
another study, a high extraversion group and a high neurosis group were exposed to positive/
negative stimulations, which resulted in the increased activity of the amygdala in the high
extraversion group after they were exposed to a positive stimulation, as opposed to the high
neurosis group after they were exposed to a negative stimulation.[25] The aforementioned
studies were conducted in order to investigate how personality factors induce mood disorder
by affecting the cognition and process of emotion.

2.4. Depressive disorder subgroups

The activities of each area of the brain can be assessed by neuroimaging, which makes the
subgrouping of depressive disorders possible, according to the pathogenesis of depressive
disorder. Depression has various disease etiologies, but expressive symptoms of depression
are similar. It is also possible to subgroup depressive patients by neuroimaging based on their
depression etiology. This explains why a specific treatment is effective on a depressive patient,
but other treatments are ineffective on the same patient. For example, when elderly patients
with depression were subgrouped into the white matter microstructural abnormality by the
diffusion tensor imaging, the remission rate of depression was low.[26] As a result, the brain
process of these patients can be understood by neuroimaging, which will make the personal‐
ized treatment possible.[27] Furthermore, the treatment course can be monitored by neuroi‐
maging.

2.5. Prediction of the prognosis of depression

The prognosis of depressive disorder can be predicted by neuroimaging. For example, the
prognosis was reported to be better in depressive patients with hypermetabolic rostral anterior
cingulate cortex than in those with hypometabolic rostral anterior cingulate cortex when the
depressive patients were examined by PET and fMRI.[28] In addition, the activation degree of
the prefrontal cortex and orbitofrontal cortex by PET may vary in depressive patients depend‐
ing on their treatment response.[29, 30] It was reported that depressive patients with hypo‐
metabolic orbitofrontal cortex responded better to pharmacotherapy, whereas those with
hypermetabolic orbitofrontal cortex responded better to psychotherapy. Accordingly, studies
on the prediction of treatment outcome by neuroimaging prior to therapy had been continu‐
ously conducted [31, 32] in order to investigate how new treatments of depression, such as
mindfulness-based cognitive therapy and acceptance and commitment therapy, change the
brain process [33, 34] by which the neuroimaging study will be closer to the actual clinical
practice.
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3. Neuroimaging study on depressive disorder

Many clinical, genetic, and biochemical studies reported that depression is not the manifesta‐
tion of a single risk factor such as the abnormality of a single neurotransmitter, but instead, it
is the overall abnormality of various genetic, environmental, and developmental risk factors.
According to recent neuroimaging studies, depression is considered as an outcome of the
abnormality of various interactions and systems rather than the abnormality of a single area
of the brain.[35]

The cortico-limbic circuit is currently gaining attention due to its ability of mediating stress
response and playing an important role in the regulation of emotions. In early neuroimaging
studies, which investigated the role of the limbic area in depression, the structural abnormal‐
ities of the limbic area, such as the atrophy or bilateral loss of the amygdala [36, 37] and the
volume reduction of the hippocampus [38, 39] and caudate nucleus [40], were consistently
reported in depressive patients. In addition, functional neuroimaging studies reported that
the increased activation of the amygdala [41] and the reduced connectivity of the amygdala-
cingulate [42] were observed when the subjects were exposed to negative stimulation such as
a scary facial expression. The limbic area, including the amygdala, recognizes and classifies
the emotional stimuli consciously or unconsciously, and mediates autonomic nervous system
responses according to the emotion.[43, 44] As a result, a constant report regarding the
abnormality of the limbic area in depressive patients seems to be reasonable. However, the
activation of the limbic area was more reduced when an emotional stimulation was presented
in a conscious level than in an unconscious level.[45, 46] In addition, the reduced activation of
the limbic area and the removal of the negative emotion were observed in healthy subjects
through cognitive emotional control strategy such as reappraisal.[47, 48] Based on the
aforementioned results, the hyperactivation of the limbic area alone is insufficient to describe
depression.

Accordingly, neuroimaging studies have been mainly conducted on the frontal cortex, which
mediates the cognitive emotional processing. The prefrontal cortex, which is a complex
structure that mediates emotional control, attention, reward system, and response inhibition,
is important as it interacts with the anterior cingulated cortex and the limbic area.[49] In early
structural neuroimaging studies, anatomical abnormalities, such as the reduced frontal cortex
volume [50, 51] and the reduced number and size of frontal cortex neurons [52] were reported
in depressive patients. The functional neuroimaging studies reported that the reduced
activation, blood flow, and metabolism of the dorsolateral prefrontal cortex and ventromedial
prefrontal cortex were observed in depressive patients regarding the conduct of emotional
task.[53, 54] Furthermore, the failure of processing the emotional stimulation, which was
caused by the failure of controlling the activation of the limbic area due to the reduction of
prefrontal cortex activation, resulted in the clinical symptoms of depression, such as negative
emotion, rumination [55-57] and decreased execution function.[58] Based on the aforemen‐
tioned results, the failure of controlling the hyperactivated limbic area, which is attributable
to the decreased function of the prefrontal cortex that controls the recognition and process of
emotional stimuli, is likely to be the most important neuroimaging finding on depression.
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4. Neurobiologic mechanism of psychotherapy on depressive disorder

Many studies were conducted in order to investigate the importance of the amygdala in
relation to depressive disorder. Studies related to fear were also conducted, and the results
showed that fear acquisition occurred in the amygdala when a specific stimulation was
presented. The acquisition of fear does not necessarily require the neocortex; however, it is
necessary to eliminate fear.[59] Psychotherapy, including behavioral treatment, is effective in
controlling implicit memory acquisition in the amygdala and prefrontal area. Dealing with
symbolic factors in dynamic psychotherapy will also control the activation of the amygdala
by the temporal lobe and neocortex. However, the circuit from the cortex to the amygdala is
weaker than the circuit from the amygdala to the cortex.[60] This is the reason why a longer
duration is required for a new connectivity formation from the cortex to the amygdala, which
serves as an evidence of long-term psychotherapy requirement. Psychotherapy includes the
intentional memory for explicit memory, and promotes implicit memory by free association.
The patient’s amygdala is activated during free association. This means that the patients may
play active roles in psychotherapy, to which emotional and cognitive associations related to
the original trauma can be treated. The process of psychotherapy on depression is not a passive
conditioned reflex, but instead, it is an active learning process.[61]

There are some methods of biologically measuring abnormal cognitive and emotional patterns
during psychotherapy using repression or unconscious forgetting.[62] A previous study used
a method that requests a subject to remember a certain word and then forget it.[63] After the
subject is requested to forget the word, the increase in the prefrontal cortex (PFC) activation
and the decrease in the hippocampus activation were observed during the recall tasks.[64]
Other previous studies showed similar results. The anterior cingulate gyrus is known to play
an important role in the attempt to forget unwanted memories. As such, the PFC and the
anterior cingulate play an important role in the intentional forgetting of words or memories:
i.e., the biological measurement of repression in psychodynamic psychotherapy.

Psychotherapy is related to characteristic neural circuitries, and different neural circuits are
activated in different types of psychotherapy. It has been confirmed that different types of
psychotherapy, including psychodynamic psychotherapy, cognitive therapy, and behavioral
therapy, have different activation processes. For example, in psychodynamic psychotherapy,
the therapist collects information on the patient based on his episodic memory. However, if
the therapist uses the free association method, which focuses more on random memories than
on the episodic memory, when these random memories are induced, the areas in the brain
such as the frontal, parietal, and temporal cortexes are associated. On the other hand, the
episodic memory is associated more with specific verbal areas such as Broca’s area and the left
frontal operculum.[65] As such, free association is a less censored process with the use of the
extensive cortex network. The therapist investigates the symptoms and personality of the
patient based on the extensive cortex activation during psychotherapy.

When cognitive behavioral therapy (CBT) is applied in depression patients, the patients are
reminded of bad or sad memories, and they re-evaluate their negative memories. They re-
interpret negative memories more positively during CBT, and their emotions before and after
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the re-interpretation are rated. Several studies have investigated the correlations among the
re-interpretations of the negative emotions/emotions/brain activity patterns during CBT.[66]
The patients felt better after they re-interpreted their negative memories during CBT, which
was related to the increased activity of their dorsolateral and dorsomedial PFC and to the
decreased activity of their amygdala and orbitofrontal cortex. These findings are the bases of
the biological model of CBT. Negative emotions as a result of certain stimuli are produced in
the limbic and ventral prefrontal structures, which are decreased or blocked by the dorsal
prefrontal circuitry during CBT.[67]

Finally, behavioral therapy (BT) will be discussed. BT is related to desensitization of stimuli
that cause anxiety or extinction of learned responses. The results of animal tests and human
studies showed that the areas, including the ventral PFC and the amygdala, are related to
desensitization and extinction responses.[68] The result of an animal test using mice showed
that the lesions in the amygdala or the administration of drugs that inhibit the amygdala
distracted fear conditioning.[69, 70] Also, the results of human studies that used functional
neuroimaging showed that amygdala activation is related to conditioned fear response. These
results mean that the ventral PFC is related to the extinction and retention of the conditioned
fear response by inhibiting the amygdala.[71] As such, the important mechanism of extinction-
based BT involves the strengthening of the PFC activation and the attenuation of the amygdala.

5. Variable methodology of the brain function for psychotherapy and
depression

The variability of the limitations and results of studies on psychotherapy and neuroimaging
for depression should be reviewed first before their relationship is investigated. Recently
introduced technologies on neuroimaging and their rationales are variable, and there are
different ways to evaluate the efficacy of psychotherapy. Manual therapy under a time-limited
setting is used for psychotherapy, including BT, CBT, and interpersonal therapy (ITP). Even
if the program designs of many types of psychotherapy are standardized, they are subjective,
depending on their investigator, due to their manualized treatment design.[72] Previous
studies showed that the therapeutic modality of some types of CBT seem more similar to that
of BT, or vice versa. The inconsistency of the methodology is also caused by the number of
therapists (one or many), the number of sessions performed, or the type of therapy (e.g.,
individual therapy or group therapy). As such, the aforementioned factors should be consid‐
ered when reviewing the results of previous studies.

Neuroimaging also has various modalities, as does psychotherapy. Neuroimaging is designed
to evaluate the glucose metabolism or the cerebral blood flow (CBF). Although the relationship
between the glucose metabolism/CBF and the neuronal activity cannot be understood fully,
the brain function in neuroimaging is described using terms such as ‘metabolic activity’
or ’hemodynamic activity’. Also, “brain activity” is a commonly used term for both metabolic
activity and hemodynamic activity.[73] As mentioned, neuroimaging refers to various
methodologies, including PET, SPECT, and fMRI. Each imaging technique has a different
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mechanism, with different image resolutions and application limitations.[74] There are other
methods of separately measuring the regional brain activity, such as voxel-based techniques
(e.g., SPM) and region of interest (ROI)-based techniques. Multiple comparison is difficult for
ROI-based techniques, but such techniques present clear anatomical borders. For voxel-based
techniques, much data can be extracted, and clear functional connectivity can be achieved.[74]

Even if different neuroimaging and psychotherapy methods are used, they have a common
and duplicate study design. Most imaging studies scan brain images before and after psycho‐
therapy and compare the results with those of healthy control subjects to evaluate the treatment
efficacy. A functional neuroimaging study measured the brain activity while a patient was
resting, and another study measured the brain activity while a patient was exposed to anxiety
stimuli or was performing cognitive or affective tasks. Understanding the differences between
various neuroimaging methods can lead to accurate understanding of brain activity data.

6. Imaging neural effects of psychotherapy on depression

Various studies have been conducted in the last few decades on the neurobiological mechanism
in depression and on its relationship with psychotherapy.[75, 76] Aaron Beck, the founder of
CBT for treating depression, has continuously claimed that studies are required on the
relationship between the psychological mechanism and the biological mechanism.[77] The
recent controversy on whether or not the biological mechanisms of antidepressant medication
(ADM) and psychotherapy are different has led to many studies on neuroimaging. Many
previous studies have proven that ADM and psychotherapy have different neurofunctional
mediators and different mechanisms. Moreover, the studies found that the therapeutic efficacy
of ADM differs from that of psychotherapy between mild and severe depression [78], as do
their relapse rates.[75]

Relatively consistent study results were shown on the brain function of the depression patients.
The results showed that the resting metabolism of the amygdala increased in the depression
patients [79], and that the amygdala activation increased while aversive stimuli were expected.
[80, 81] On the contrary, patients with depression showed decreased prefrontal cortex (PFC)
resting metabolism.[82, 83] The investigators proved, using fMRI, that the amygdalar reactiv‐
ity in the depression patients was elevated during the emotion-processing tasks and that the
dorsolateral prefrontal cortex (DLPFC) activation decreased during the cognitive tasks. The
investigators also found that the functional connectivity between the amygdala and the DLPFC
decreased in the depression patients.[54] These findings are the basis of the theory that the
brain function of depression patients shows increased bottom-up emotional reactivity and
decreased top-down regulation of emotions. This is called the ‘cortico-limbic dysregulation
model’.[84] The emotion regulation of healthy people is also modulated by the bottom-up/top-
down interaction. This theological model best explains the mechanism of the neurofunctional
mode and the dysfunctional network in depression hypothesized by Beck.[77]

Various experiment methods were used to discover the pathophysiological mechanism related
to the neurofunctional mode and the dysfunction of a neural network in depression, using
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neuroimaging. In the beginning, many studies observed the changes caused by pharmaco‐
therapy. One such study was that of Anand et al. [85], in which sertraline was administered
to 12 depression patients for six weeks. Ten of them showed depression improvement, as well
as elevated functional cingulo-limbic connectivity and naturally decreased limbic reactivity
when they were exposed to aversive stimuli. These changes in the depression patients after
the pharmacotherapy showed that the patients had pathologic functional connectivity and that
depression is a network disorder.

This concept of a network disorder was also confirmed in longitudinal studies that compared
depression patients and a control group treated with fluoxetine. All the patients showed
elevated activities of their DLPFC, ACC, premotor, parietal, posterior insular, and posterior
cingulate cortices and decreased activities of their subcingulate, parahippocampus, and
thalamus after fluoxetine treatment.[86] Additional changes in the subcortical and limbic
activities were observed in the patients who showed good response to fluoxetine. The isolated
increase in the activity in the cortical structure shown in the control group was considered a
top-down mechanism which is regarded as a placebo effect.

The principle of psychotherapy for depression does not seem to follow this simple principle
of a decrease in the bottom-up regulation and an increase in the top-down regulation, based
on the results of previous studies. The activity change in the PFC also differs between the tonic
and resting states, and from the event-related responses in psychotherapy and pharmacother‐
apy.[75] With the authors’ insufficient understanding of event-related fMRI and of the theory
of the stimulus-dependent neural mechanism, there is only empirical evidence of the im‐
provement of the brain function with psychotherapy, but the neurobiological fundamentals
of psychotherapy have not been proven yet.

7. Posttreatment neuroimaging changes in depression

7.1. CBT and depression

[Goldapple]

There was a functional neuroimaging study that used only CBT, without pharmacotherapy
(Goldapple et al., 2004).[87] The neuroimages before and after the CBT were compared, and
the patients were asked not to ruminate on one topic during the FDG-PET. A further study by
the same investigators included a patient group that underwent pharmacotherapy using only
paroxetine. Surprisingly, the group that underwent only CBT showed decreased metabolism
in multiple frontal regions, including in the dorsolateral PFC. This result that showed de‐
creased dorsolateral PFC activity from the baseline is contrary to the previous results that
showed CBT-strengthened dorsolateral PFC activity. The authors of this study understood this
decreased prefrontal metabolism as a therapeutic effect of CBT due to decreased active
rethinking and reappraisal of emotional ideas. This interpretation is consistent with the study
results of Paquette et al. that showed the decreased dorsal PFC of spider phobia patients when
their treatment was successful.[88] On the other hand, this result is opposite that of the study
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of Ochsnet et al., which showed that the ability to reappraise effect-generating stimuli was
enhanced after CBT in the depression patients.[66, 67, 89] In the study of Goldapple, the PFC
metabolism was elevated after the pharmacotherapy in the depression patients who received
only paroxetine. This proves that the biological therapeutic mechanisms of pharmacotherapy
and CBT in depression are different even if they have similar degrees of efficacy.[87]

The study of Goldapple also measured the changes in the limbic and paralimbic activities after
CBT treatment in depression patients apart from the change in the PFC. They found that
different mechanisms were involved in the patients who underwent only CBT and in the
patients who underwent only paroxetine treatment. The patients who underwent only CBT
showed clearly elevated activities in their hippocampus, parahippocampus gyrus, and dorsal
cingulate gyrus. On the other hand, the patients who received only paroxetine showed less
elevated activity in their hippocampal and parahippocampal areas with decreased activity in
their posterior cingulate and ventral subgenual cingulate. Goldapple claimed a modality-
specific model depending on the therapeutic response of depression [87], based on their study
results and the widely known functional and anatomic relationship theory.[90, 91] Anti-
depressant agents produce a bottom-up effect by disengaging the ventral frontal and limbic
region, whereas CBT produces a top-down effect by decreasing the cortical processing. These
changes help process of personal emotions and environmental stimuli, and show a therapeutic
effect on depression. The results and interpretation of Goldapple et al. are opposite those of
the emotional and regulation model [66] of Ochsner et al. Ochsner understood that ventral
frontal and limbic hyperactivity caused negative emotions. Seminowicz et al. [92] explained
the difference between the theories of Goldapple and Ochsner according to the brain activation,
depending on the treatment protocol and the underlying brain state. In other words, Goldapple
et al. performed CBT on depression patients, whereas Ochsner used it on healthy control
subjects. As such, future studies are required to investigate the change in the brain activity
when a different type of psychotherapy apart from CBT is used for depression treatment.

[Kennedy]

Kennedy performed a study with the same design as that of Goldapple to analyze neuroi‐
maging, after dividing the depression patients into two groups: the CBT group and the
pharmacotherapy group treated by venlafaxine (Kennedy et al., 2007).[93] Kennedy hypothe‐
sized that the prefrontal activity would decrease due to top-down processing after the CBT,
and that subcortical changes would appear due to bottom-up modulation after the adminis‐
tration of venlafaxine. The glucose metabolism of the patients was measured before the
treatment, after the treatment, and 16 weeks after the completion of the treatment following
the CBT and the venlafaxine administration. All the patients who responded to the treatment,
regardless of the CBT or the venlafaxine administration, showed decreased activities in their
orbitofrontal cortex and their left medial prefrontal cortex, and increased activity in their right
occipito-temporal cortex. The patients who responded to the CBT showed increased activities
in their posterior cingulate and thalamus, and decreased activity in their left inferior temporal
cortex. On the other hand, the patients who responded to the pharmacotherapy (venlafaxine)
showed increased activity in their left temporal cortex and decreased activity in their posterior
cingulate. The authors of the study concluded that CBT is related to reciprocal modulation of
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cortical limbic interactions, which was consistent with the results of previous studies. They
also presented venlafaxine as related to the cortical and striatal region, which was not known
before.

[FU]

Fu reported the effect of CBT on depression using fMRI (Fu et al., 2004).[94] In their study, the
fMRI scans of 16 depression patients were compared with those of healthy control subjects.
When the 16 depression patients were exposed to a sad facial expression before the CBT, the
reactivity of their right amygdala and hippocampus relatively increased compared to that of
the healthy subjects. They also showed decreased ACC activation at the baseline, unlike the
healthy subjects.[94] These differences between the groups no longer appeared after 16 CBT
sessions. This means the stimulus-dependent reactivity in the amygdala decreased and the
ACC activation increased in the depression patients after the CBT. However, it is uncertain if
this result is meaningful, as the evidence of the event-related fMRI methodology is still
insufficient and the stimulus-dependent neural mechanism is not fully understood yet. It has
been understood that psychotherapy does not change certain areas but rather, extensive areas
in the brain, and generally modifies brain dysfunction.[95] However, the results of the
investigation of how psychotherapy changes the metabolic or functional activity have been
inconsistent. In particular, the effect of psychotherapy on the PFC metabolism is more
controversial. This may be attributed to the differences in the methodologies of the studies.

7.2. ITP and depression

[Martin]

Martin [96] measured the change in the CBF after IPT in depression patients. The neuroimages
of the depression patients who underwent IPT were compared with those of the depression
patients who underwent pharmacotherapy. The patients who underwent pharmacotherapy
received 37.5 mg of venlafaxine daily. Twenty-eight depression patients were treated for six
weeks, and their CBFs were measured using 99mTc-HMPAOSPECT. All of them had not been
treated with any drug in the last six months before they participated in the study. The patients
in the IPT group underwent IPT for six weeks with the same therapist, and those in the
pharmacotherapy group were administered venlafaxine every second week with a 15-minute
consultation. The patients in both groups showed clinical improvement with increased blood
flow in their right basal ganglia. The patients in the IPT group showed additional changes -
increased right posterior cingulate activity -which was similar to the result of the study of
Goldapple.[87] Martin had the same opinion of Goldapple’s result and considered insignificant
the changes in the limbic and paralimbic recruitment of the brain function related to psycho‐
therapy. However, he also observed the change in the brain function in a specific paralimbic
region. A study is required to interpret this result.

[Brody]

Brody [97, 98] conducted a study with a design similar to that of Martin for 12 weeks. The
study was conducted on 24 patients, divided into two groups: the IPT group and the paroxetine
group. Then their PET neuroimages were compared. The study also included a healthy control
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group, unlike Martin’s study. The patients chose which treatment they would receive. The
results of the study showed that the symptoms of the patients who chose paroxetine treatment
were milder than those of the patients who selected IPT, and showed greater improvement
after the treatment. Even if there were differences between the groups, the results of the study
showed that the dorsal and ventral prefrontal cortical metabolism decreased after the IPT. This
result was consistent with that of the study of Goldapple.[87, 92] All the patients in both groups
showed increased metabolism in their limbic and paralimbic regions, particularly in their right
insula and left inferior temporal lobe. Unlike Goldapple’s study, Brody’s study reported that
the patients treated with paroxetine showed decreased PFC activation.[97, 98]

Brody conducted a further study on 39 patients.[99] As in his previous study, the subjects were
divided into two groups: the IPT group and the paroxetine group. Their neuroimages, obtained
using PET, were analyzed. Unlike in Brody’s previous study, however, the improvements in
the specific mood symptom cluster and in the brain activity were compared. In all the patients,
decreased ventral and dorsal frontal lobe metabolism was associated with reduction of
symptoms such as anxiety/somatization, psychomotor retardation symptom, tension/anxiety,
and fatigue. It was interesting that the improvement of the cognitive function was positively
correlated with the degree of the dorsolateral PFC metabolism. This result differed from those
of previous CBT studies. Some studies reported that the activity of the dorsolateral PFC was
negatively correlated with the global depression score after the CBT. This difference was
attributed to the reduction of over-thinking and rumination and the decrease in the dorsolat‐
eral PFC function with CBT, and the increase in the general cognitive ability and the strength‐
ening of the dorsolateral PFC function with IPT. However, the difference should be verified
with further repetitive studies. Brody’s study had the following significant limitations: (1) the
patients chose between IPT and paroxetine administration for the treatment type, which
caused a difference between the groups, and (2) six symptom clusters, each with 12 ROIs
(regions of interest), were used for the analysis without correction for multiple comparisons.

7.3. PDT (PsychoDynamicpsychoTherapy) and depression

The metabolic activities in the amygdala, hippocampus, and dorsal prefrontal cortex of the
depression patients treated by PDT become similar to that of healthy people when the patients
are exposed to attachment-related stimuli. The activation of the subgenual cingulate cortex has
been known to decrease in depression patients after PDT, compared to healthy people [100],
and this neural mechanism of PDT in relieving the symptoms of depression was proven
through neuroimaging. Depression is believed to be a pathological state of the activity level
of the brain circuit, and PDT is believed to normalize the brain circuit.

The designs of the studies on the neural mechanism of PDT through neuroimaging were
similar to those of CBT or IPT, as previously stated. The change in the brain function was
analyzed before and after PDT, and the results of the control and pharmacotherapy groups
were compared.[101] However, the difference in the methodologies of the studies makes their
comparison difficult. For example, Buchheim suggested that PDT was very effective in patients
with subgenual ACC overactive depression [100], whereas CBT did not show any relevance.
[102, 103] It was not completely understood if such result was because the neurobiological

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms94



group, unlike Martin’s study. The patients chose which treatment they would receive. The
results of the study showed that the symptoms of the patients who chose paroxetine treatment
were milder than those of the patients who selected IPT, and showed greater improvement
after the treatment. Even if there were differences between the groups, the results of the study
showed that the dorsal and ventral prefrontal cortical metabolism decreased after the IPT. This
result was consistent with that of the study of Goldapple.[87, 92] All the patients in both groups
showed increased metabolism in their limbic and paralimbic regions, particularly in their right
insula and left inferior temporal lobe. Unlike Goldapple’s study, Brody’s study reported that
the patients treated with paroxetine showed decreased PFC activation.[97, 98]

Brody conducted a further study on 39 patients.[99] As in his previous study, the subjects were
divided into two groups: the IPT group and the paroxetine group. Their neuroimages, obtained
using PET, were analyzed. Unlike in Brody’s previous study, however, the improvements in
the specific mood symptom cluster and in the brain activity were compared. In all the patients,
decreased ventral and dorsal frontal lobe metabolism was associated with reduction of
symptoms such as anxiety/somatization, psychomotor retardation symptom, tension/anxiety,
and fatigue. It was interesting that the improvement of the cognitive function was positively
correlated with the degree of the dorsolateral PFC metabolism. This result differed from those
of previous CBT studies. Some studies reported that the activity of the dorsolateral PFC was
negatively correlated with the global depression score after the CBT. This difference was
attributed to the reduction of over-thinking and rumination and the decrease in the dorsolat‐
eral PFC function with CBT, and the increase in the general cognitive ability and the strength‐
ening of the dorsolateral PFC function with IPT. However, the difference should be verified
with further repetitive studies. Brody’s study had the following significant limitations: (1) the
patients chose between IPT and paroxetine administration for the treatment type, which
caused a difference between the groups, and (2) six symptom clusters, each with 12 ROIs
(regions of interest), were used for the analysis without correction for multiple comparisons.

7.3. PDT (PsychoDynamicpsychoTherapy) and depression

The metabolic activities in the amygdala, hippocampus, and dorsal prefrontal cortex of the
depression patients treated by PDT become similar to that of healthy people when the patients
are exposed to attachment-related stimuli. The activation of the subgenual cingulate cortex has
been known to decrease in depression patients after PDT, compared to healthy people [100],
and this neural mechanism of PDT in relieving the symptoms of depression was proven
through neuroimaging. Depression is believed to be a pathological state of the activity level
of the brain circuit, and PDT is believed to normalize the brain circuit.

The designs of the studies on the neural mechanism of PDT through neuroimaging were
similar to those of CBT or IPT, as previously stated. The change in the brain function was
analyzed before and after PDT, and the results of the control and pharmacotherapy groups
were compared.[101] However, the difference in the methodologies of the studies makes their
comparison difficult. For example, Buchheim suggested that PDT was very effective in patients
with subgenual ACC overactive depression [100], whereas CBT did not show any relevance.
[102, 103] It was not completely understood if such result was because the neurobiological
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mechanisms of PDT and CBT were different, or if their study methodology was different due
to their significantly different therapy methods. As such, standardization of the methodology
is crucial in analyzing imaging data.

[Buchheim]

The study examining the effect of psychotherapy on brain function in patients with depression
was conducted to investigate the effect of long-term psychodynamic intervention (Buchheim
et al., 2012).[100] Sixteen, un-medicated outpatients with depression who underwent 15
months of psychodynamic therapy were scanned twice, before and after treatment, during the
presentation of attachment-related scenes with neutral descriptions alternated with descrip‐
tions containing personal sentences previously extracted from an attachment interview. The
results showed increased activation in the left anterior hippocampus/amygdala, subgenual
cingulate, and medial prefrontal cortex in patients compared to healthy controls before
treatment, and a reduction in the same areas after treatment. Furthermore, this normalisation
of brain activity was positively correlated with general symptom improvement.

[Hirvonen, Karlsson]

Two other PET studies also focused on changes in neurotransmission implicated in the
pathophysiology of depression following short psychodynamic psychotherapy (Hirvonen et
al., 2010; Karlsson et al., 2010).[104, 105] Karlsson et al. (2010) for example compared the effect
of psychotherapy and Fluoxetine on the density of serotonin 5-HT1A receptors, building on
previous studies reporting a widespread decrease in the density of serotonin 5-HT1A receptors
in the disease.[106-108] Specifically, patients were randomly assigned to either pharmacother‐
apy or psychotherapy, with the subsequent groups comprising 15 and 8 subjects respectively.
Binding potential (BP) values, representing the ratio of specific and non-displaceable binding,
were estimated using white matter as reference region (BP is a crucial measure in the PET
studies to measure the density of ‘‘available’’ receptors), [109] Although both groups showed
comparable symptom improvement post-treatment, when pre- and post-treatment values
were compared, only those who underwent psychotherapy showed increased serotonin 5-
HT1A binding in several cortical regions including dorsolateral prefrontal cortex, ventrolateral
prefrontal cortex, ventral ACC, inferior temporal gyrus, insular cortex, and the angular gyrus.

In a subsequent study by the same group (Hirvonen et al., 2010), the effect of short psycho‐
dynamic psychotherapy and Fluoxetine was compared in patients with major depression with
a specific focus on striatal and thalamic dopamine D2/3 receptors.[104] Results showed that
although both treatments led to a significant improvement in symptomatology, no effects on
D2/3 receptor availability in the ventral striatum or other subdivisions of the striatum were
found. Moreover, only Fluoxetine increased thalamic D2/3 binding, but this increase was not
correlated with clinical improvement. Thus, the study does not support the involvement of
ventral dopaminergic neurotransmission in the antidepressant effects of Fluoxetine or
psychodynamic psychotherapy. However, statistical power may have been hindered by the
relatively small sample size.
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7.4. BADT (Brief Behavioural Activation treatment for depression) and depression

Dichter et al. also carried out 2 fMRI studies with the same sample (2009, 2010). The main goal
of the first study (Dichter et al., 2009) was to elucidate the neural correlates of Brief Behavioural
Activation Treatment for Depression (BATD) during reward processing in depressed patients.
[110] BATD is a structured and validated psychotherapy designed to increase engagement
with rewarding behaviours and reduce avoidance behaviours.[111] Brain activity was
measured in 12 subjects with depression and 15 healthy controls, while they were engaged in
a Wheel of Fortune task (WOF), a two-choice decision-making task involving probabilistic
monetary outcomes, before and after BATD.

Following the BATD, patients showed increased activity in structures that mediate responses
to rewards, including the paracingulate gyrus during reward selection, the right caudate
nucleus during reward anticipation, and the paracingulate and orbital frontal gyri during
reward feedback. In contrast, the main aim of the second study by Dichter et al. (2010) was to
identify baseline fMRI predictors of response to treatment in depression.[112] Before and after
BATD, they scanned patients and matched controls while they were performing a task
requiring cognitive control in both sad and neutral contexts. The results showed that following
treatment, there was decreased activity in prefrontal structures including the paracingulate
gyrus, the right orbital frontal cortex and the right frontal pole in response to stimuli presented
within a sad context. In addition, pre-treatment activity in the paracingulate gyrus was
identified as a significant predictor of symptomatic improvement following treatment.

8. Conclusion

In summary, despite the heterogeneity of the studies in terms of neuroimaging technique,
psychotherapeutic approach and experimental paradigm employed, the majority of the above
results suggest that psychological treatment of patients with depression results in a normali‐
sation of the activation pattern in fronto-limbic circuitry. Regarding the relationship between
the effects of psychotherapy and medication, their mechanisms seem divergent based on the
results of two independent studies.[84] To explain these different mechanisms of action, it has
been suggested that while psychotherapy may exert its effects top-down, targeting mainly
frontal cortical regions and reducing dysfunctional thought processes, pharmacotherapy may
produce bottom-up changes by disengaging ventral and limbic regions mediating attention to
personally relevant emotional and environmental stimuli.[87, 92]

Neuroimaging techniques have significantly contributed to biological psychiatry research in
the last decades, but the investigation of the mechanism of psychotherapy for depression has
still been limited. The neural mechanism of psychotherapy is widely recognized, whereas its
process cannot be clearly described yet. As psychotherapy holds a key position in psychiatry,
it will be continuously investigated and researched. Therapy without a neuroscientific basis
is only empirical, and the possibility of its development is low. Also, the application of such
therapy is difficult, with limited potential to develop towards a new therapy.
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Study
Psychotherapy

(Number of subjects)
Pharmacotherapy

(Number of subjects)
Controls

Neuroimaging
Methods

Goldapple et al.(2004) CBT (14) Paroxetine (13) PET

Kennedy et al.(2007) CBT (12) Venlafaxine (12) PET

Fu et al.(2008) CBT (16) 16 fMRI

Martin et al.(2001) IPT (13) Venlafaxine (15) SPECT

Brody et al.(2001) IPT (14) Paroxetine (10) 16 PET

Buchheim et al.(2012) 15month PDT (16) 17 fMRI

Hirvonen et al.(2010) Short term PDT (8) Fluoxetine (14) PET

Karlsson et al.(2010) Short term PDT (8) Fluoxetine (15) PET

Dichter et al.(2009,2010) BADT (12) 15 fMRI

Table 1. Studies on the effects of psychotherapy on brain function in depressive patients.
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1. Introduction

Depression is one of the most prevalent mood disorders worldwide which threatens human
mental health and well-being. Major depressive disorder is characterized by excessive negative
mood and reduced experience of pleasure (anhedonia). The etiology of depression is much too
complicated to explain when a wide spectrum of cognitive, affective, neurobiological symp‐
toms taken into consideration.

According to Beck’s influential cognitive theory, depression is characterized by presence of
negative schemas, defined as mental representations of past experiences, containing dysfunc‐
tional attitudes about the self. These underlying schemas have an important influence on the
way information is processed, guiding one’s attention, memory and interpretation for
personally relevant negative experiences [1]. Recent studies have proved that the negative
schema can produce cognitive deficits such as negative attentional bias, over general autobio‐
graphical memory, cognitive control deficits. These cognitive deficits make people with
depression inclined to choose negative material consistent with their negative schema, which
cause persistent and recurrent depressive episodes. Other researchers used a variant of
behavior paradigms, and neuroscience techniques such as Event-Related Potential (ERP) and
Functional Magnetic Resonance Imaging (fMRI) to delineate the negative attentional bias,
emotion dysregulation, over-general autobiographical memory, cognitive control deficits
underpinning depression. However, several important questions remain. How do people with
depression develop cognitive deficits? Can cognitive deficits predict the onset and process of
depression? Can we fix the cognitive deficits of depressed individuals? What are the neural
substrates underlying these cognitive deficits? If we can answer these questions, depression
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will be understood much better than what we do now. Specifically, to answer these questions,
we have to keep an eye on several domains below.

Attention is the first step of cognitive process, but what role does it play in the negative
cognitive bias? There is a large and growing literature trying to determine the cognitive
mechanism that may underlie such attentional inflexibility in depressed individuals. Recent
studies have found that people with depression are inclined to avoid from positive stimuli
while difficult to disengage attention from negative stimuli in dot probe detection task [2]].
Similarly, people with depression cannot rule out the impact of emotion on the performance,
their reaction time (RT) is prolonged when they are faced with sad faces [3]. Besides, studies
using ERP have shown that when people with depression are presented with sad faces, their
P3 will be delayed and stronger which means that dysphoric people pay more attention to
negative stimulus [4], reflecting more elaborate processing of negative stimuli. These results
indicate that people with depression have negative attentional bias which make people with
depressive symptoms tend to focus on the negative stimulus, which consequently lead to
sustained and exacerbated symptoms of depression.

Emotion appraisal and regulation are two essential systems underpinning the process of
emotional cognition. It is widely assumed that the initial appraisals of emotion events are the
starting point for iterative cycles of appraising and reappraising that extend beyond the events
themselves. Thus the initial appraisals must play an essential role in the negative bias of
depression. Emotional appraisal is described as a multidimensional neural processing
including sensory inputs and affective experience. To be noted, Emotion Context Insensitivity
Hypothesis proposes that major depression is characterized by flattened emotional reactivity
to both positive and negative valenced stimuli, with the reduction greater for positive stimuli
[5]. Thus the positive and negative emotion system might be two relatively independent and
interacting processes that need further exploration.

Autobiographical memory is a memory system consisting of episodes recollected from an
individual's life, consisting of both episodic and semantic memory. Over general autobio‐
graphical memory is a key symptom of depression which is sustained over episodes of
depression. Longitudinal studies focused on currently depressed patients and high-risk
population found that the more over general autobiographical memory is, the longer depres‐
sion is sustained. As a result, some researchers proposed that over general autobiographical
memory play an essential role in the etiology of depression. Large amounts of researches have
been done to delineate healthy people’s autobiographical memory. Recent studied using
behavioral methods have shown that the inhibition of other unrelated memory play an
important role in the construction of autobiographical memory. Besides, studies using fMRI
have discovered related brain circuits underpinning autobiographical memory [6]. Although
much work has been done, some questions still remain: how does the depressive brain activate
when it try to recall an autobiographical memory? You can read the attempts to find the
answers in the following part of this chapter.

Disturbed interface between cognitive control and emotion processing. Recent research has
suggested that impairments in memory and attention are related to cognitive control deficits.
Consequently, persistent sad mood may be maintained by negative attentional bias. Mean‐
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Disturbed interface between cognitive control and emotion processing. Recent research has
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while, anhedonia or flattened emotion pattern may be linked with abnormal processing of
positive stimuli. Thus the cause of depression may be linked with altered emotional processing
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to depression. Though these questions seem difficult to answer, they may be the key for us to
conquer depression in the future.

2. The neurocognitive mechanisms behind attentional bias in depression

According to Beck’s theory, individuals’ existing memory representations, or schemas, made
their attention directed to the information that is congruent with their own schemas, and
initiated a vicious cycle of negative automatic thoughts, processing biases, and depressed
mood [8]. Moreover, differential attentional bias to negative information has been considered
a cognitive vulnerability factor for the development of depression [9]. For this reason, atten‐
tional bias have drawn researchers’ attention and been supported by various studies.

2.1. Theories on attentional bias in depression and limitations

Attentional bias could be understood from the perspectives of attention process, narrow focus
of attention, cognitive load and arousal level [10].

Attention processes include orienting, maintenance and disengagement, and it is still contro‐
versial to say which progress leads to attentional bias. For one explanation, attention may be
attracted to or directed away from the position of negative stimuli in the orienting progress
[11]. For another, it is the attention disengagement that emotional stimuli affects, making
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maintained attention to the negative stimuli, or being relatively easier distracted from positive
stimuli [9]. It is significant to discuss from a dynamic point of view, but it has its own limitation
for further study on specific mechanism.

Theories on narrow focus of attention refers to that depressed patients may selectively attend
to depression-related information and process mood-congruent material easier, while ignoring
other information, which represents attention bias. This interpretation represents neural
network specifity while ignores the control ability of neural pathways for information
processing [12].

When it comes to cognitive capacity theory, some postulate that individuals can only perform
limited mental activity due to fixed amount of cognitive resource. When negative stimuli
appear with other stimuli, depressed individuals’ attentional resource can easily be occupied
with the negative one, leaving little cognitive resources to other tasks and making them
uncompleted. Other experts then believe depressed ones are more engaged in their internal
mental activity, while they are less sensitive to external stimuli. Sometimes they only respond
to intense stimuli. This can be well explained by parallel distributed processing (PDP) model [13].
Research showed that stimulus which was either too weak or not associated with depression
was not reach the arousal level of subjects and therefore no attentional bias was observed [14].

Here come limitations with these existing explanations. Firstly, it is unclear that which
mechanism, facilitation or inhibition, leads to attentional bias. Selective attention means
processing information selectively which lead to activation for relevant information and
inhibition for irrelevant or interferential information. Or maybe the cooperation of two
mechanisms makes selective attention. Secondly, what is the relationship between attentional
bias and depression? It is attentional bias that cause depression or just in reverse. Or maybe
attentional bias is just one of cognitive features of depression.

2.2. Researches on attentional bias

To further understand these questions, we need firstly get a picture of research paradigms in
this field as well as the features of attentional bias in depressed patients.

2.2.1. Research paradigms for attentional bias

Stroop task, or emotionally modified stroop task, is the principal paradigm for attentional bias.
By measuring subjects’ reaction time performance in color-naming task or emotional words
and its accuracy, interference inhibition is appraised indirectly.

Dot-probe detection task help demonstrate orienting or maintenance of attention. If subject
had a shorter reaction time for target stimulus presented following a negative stimulus, he
may have the attentional bias for negative stimuli.

Cue-target paradigm can observe orienting and disengagement of attention (Fig. 1). With
emotional stimuli being valid and invalid cues, if subjects have shorter reaction time to
negative valid stimuli and longer reaction time to negative invalid stimuli, they may present
attentional bias.
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Figure 1. Cue-target task (one complete valid cue condition of sad faces) by Dai,2011, NATURE REVIEWS | NEURO‐
SCIENCE, 12, p.475. Copyright 2011 by Macmillan Publishers Limited

Garner paradigm is mainly used to investigate the maintenance of attention by studying the
interaction of two variables, while the negative priming paradigms discuss attentional bias
mainly from the angle of distracter inhibition. The latter task is designed to distinguish
activation from inhibition which accounts of selective attention. The negative priming effect
is defined as longer response latency when the distracter from a previous trial becomes the
target on the present trial. And the distractor that activates in two trials may cause a delay
response.

2.2.2. Features of attentional bias in depressed patients

Results of previous studies on the attentional bias of depression have been mixed, and the
inconsistencies have been ascribed to differences among subjects, stimulus exposure duration,
content and intensity. Therefore, features of attentional bias in depressed patients should be
mentioned. Firstly, attentional bias to negative stimuli was found significant in researches with
study subjects being clinical depressed patients. But when it comes to college students whose
depression scores are relative high, biased processing of negative information is not significant
[15]. Therefore, it is only when individuals get severe depression may significant attentional
bias occur. Secondly, attentional bias occurs only when the stimuli last longer than the time
threshold. In general, 1000ms is considered the best choice. For depressed patients, the internal
attentional bias may lower their external stimuli arouse level and make it difficult to response
to the stimuli from outside. Thus stimuli have been presented long enough for depressed
individuals to aware and process. This has been shown in Bradley’s and Gotlib’s experiments.
The former reported a mood-congruent bias on the dot-probe task under conditions of long
stimuli exposures of 500 or 1000ms, but not under conditions of brief durations [16]. The latter
had stimuli presented for 1000ms and observed attentional bias for negative faces in clinically
diagnosed depressed patients [17]. Thirdly, the content of stimuli should be specific to
depressed patients. Study with stimuli relevant to anxiety or self–esteem threat did not show
attentional bias[18], but studies on sad faces or depression relevant words could induce

The Neural Mechanism of Negative Cognitive Bias in Major Depression — Theoretical and Empirical Issues
http://dx.doi.org/10.5772/59374

111



negative attentional bias[11, 19]. The emotion-congruent information may strike a responsive
chord in the heart of subjects who will show specific attentional bias for these negative stimuli.
Fourthly, too weak stimulus intensity should be avoided. Emotional words, emotional faces,
and emotional pictures are three types of stimuli that are widely used nowadays. Because
emotional words always need deeper cognitive processing and emotional faces interpret more
social information, these two types stimuli can induce more intense emotional experience. That
is the reason why they are popular used. It seems that participants diagnosed with a current
major depressive disorder (MDD) show attentional bias for long-exposed and very intense
stimuli.

2.3. Cognitive neuroscience basis of attentional bias

In normal individuals, the anterior cingulate regulates the attention–emotion balance by
signaling to the dorsolateral prefrontal cortex [20]. However, depressed individuals show less
activation in these regions [21], which might relate to their inability to gain attentional control
over emotional interference. Moreover, evidence showed that depressed subjects were more
easily distracted by negative information, and spent significantly more time on processing
these negative stimuli [22, 23]. Therefore, attentional control for emotional stimuli in depressed
patients, especially deficient inhibition for attention to negative stimuli, needs further explo‐
ration.

Three kinds of attentional inhibitions have been explored: inhibition of return (IOR), distracter
inhibition and interference inhibition.

IOR means a slower response to objects appearing at a formerly-attended location, which
typically appears about 200–300 ms after stimulus offset. We investigated this phenomenon
in depressed individuals with a cue target paradigm as emotional faces being cues in an event-
related potential (ERP) experiment. Three groups of participants were recruited representing
the health control (NC), the remitted depressive patients (RMD), and the major depressive
disorder (MDD) group respectively. The MDD participants were found to have cue validity
and deficient IOR for negative stimuli. The deficient inhibition of negative stimuli renders
them unable to eliminate the interference of negative stimuli and causes the maintenance and
development of depression [24].

To investigate distracter inhibition and facilitation for emotional faces in depressed individu‐
als, we used a modified negative priming paradigm-Negative Affective Priming task (NAP)
among three groups of subjects (NC, RMD and MDD). Though there were no significant
differences among the three groups in the positive and negative priming effects of happy faces,
differences between each pair of groups are significant for sad faces. Depressed individuals
are found characterized by enhanced facilitation and deficient inhibition for negative materi‐
als, which is a stable cognitive vulnerability factor and is probably associated with occurrence
of depression [25, 26].

Interference inhibition was investigated in current remitted depression using the emotional
Stroop task and the event-related potential (ERP) technique. MDD participants had higher
interference effects for negative words compared with the other two groups and those of
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positive stimuli. With regard to the ERP data, the MDD participants showed smaller N1
amplitude for negative words and a smaller P1 amplitude for positive words in bilateral
hemispheres compared with the other groups. Both the MDD and RMD participants showed
enhanced negativity (N450) over the parietal regions of the brain for negative words compared
with NC groups [27].

In conclusion, negative attentional bias, an important contributor to the maintenance and
development of depression, correlates with susceptibility to depression. The clinical psychol‐
ogist could pay more attention on the training of intentional inhibition of negative stimuli
during clinical intervention. These findings also provide a theoretical foundation for cognitive
therapy, that is to say, patients can be cured by leading them to neglect or inhibit negative
stimuli, or to pay more attention to positive ones. However, the correlation between attentional
bias and depression remains unsolved. If attentional bias is causal, it is difficult to explain it
in RMD participants.

3. Emotion appraisal and regulation disorder in depression

Emotion dysregulation is characteristic of MDD which occurred during an emotion generating
episode. While emotion reactivity and regulation are two sides of a coin, emotion regulation
is always explicitly or implicitly existent in emotion responses. Thus the need to change the
initial negatively biased emotion responses is in particular essential for depressed patients.

3.1. Abnormal emotion reactivity

Loss of interest or pleasure is the core feature of depression, which may be manifested as
lingering low mood and a reduced capacity to experience pleasure. Cognitive theories put
maladaptive appraisal processes at the core of depression [28].According to Gross’ s model of
emotion, the initial appraisals of emotion events are frequently the starting point for iterative
cycles of appraising and reappraising that extend beyond the events themselves[29]. Thus the
need to change the initial negatively biased emotion responses is in particular essential for
depressed patients.

Emotional appraisal has been presumed to span a hierarchy of neural processing, from sensory
inputs to affective experience. Depression-related disruption of this hierarchical processing
system may extending from sensory to frontal regions through insula [30].Researchers have
proposes Emotion Context Insensitivity (ECI) hypothesis that major depression is character‐
ized by flattened emotional reactivity to both positive and negative valenced stimuli, with the
reduction greater for positive stimuli[31]. And ECI was supported in three main subsystems
of emotion response: peripheral physiology, expressive behavior and self-reported arousal
[32]. At resting state, amygdala-hippocampal/brainstem and amygdala-precuneus may be
circuits that are important for modulation of physiologic responses to emotion which are
impaired and contribute to both mood and vegetative symptoms [33]. During the completion
of emotional intensity evaluation, we found that more excited perception for negative facial
expressions is a stable cognitive vulnerability possibly associated with the occurrence or
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recurrence of depression [34]. This could partly explain a generalized emotional hypoactivity
in major depression.

3.2. Disrupted emotion regulation

While emotion reactivity and regulation are two sides of a coin, emotion regulation is always
explicitly or implicitly existent in emotion responses. Emerging evidence emphasizes the role
of emotion regulation capacity in the neurological model of depression; depressed patients
exhibit difficulties implementing adaptive emotion regulation strategies and more frequent
use maladaptive strategies. However, the mechanisms underlying the difficulties in emotion
regulation remain unclear.

A long tradition of cognitive theory focused on a negative bias which causes the vulnerability
and maintenance of major depression. Along with this tradition, Joormann et al proposes that
cognitive biases and deficits in cognitive control typical of depression influence emotion
regulation in critical ways, therefore resulting in maintained negative affect and diminished
levels of positive affect[35].The evidence was that difficulties with cognitive flexibility and
control may impair performance on tasks that require processing of relevant emotional
stimuli[36].Neurally, depression may impair the cognitive capacity of depressed patients by
recruiting more brain resources than controls during cognitive control. Accordingly, neuroi‐
maging studies indicated increased activity within subcortical and ventral prefrontal cortical
regions to negative emotional stimuli and decreased activity within dorsal prefrontal cortical
regions in MDD patients.

Seminowicz et al put forward a limbic – cortical dysregulation model which proposes that
sadness and depressive illness are both associated with decreases in dorsal neocortical regions
(sensory-cognitive compartment) and relative increases in ventral limbic and paralimbic areas
(autonomic compartment), and illness remission occurs when there is appropriate modulation
of dysfunctional limbic–cortical interactions[37].

Phillips and colleagues schematize the neural basis of emotion perception and regulation
deficits for major depression with a dorsal-ventral interaction model. Volume reductions
within the amygdala and other components of the ventral neural system, together with
increased activity within these regions during illness, may result in flattened emotional
response patterns, biased toward the biased perception of negative emotions for amygdala
[38]. The negative affectivity bias of depression can be seen during completion of emotional
intensity evaluation task; we found that more excited perception for negative facial expressions
is a stable cognitive vulnerability possibly associated with the occurrence or recurrence of
depression [39]. Notably, negative bias might also been seen in bipolar depression, suggesting
different pathophysiologic processes for BD versus MDD depression. There was evidence that
abnormally elevated left amygdala activity to mild sad and neutral faces might be a depression-
specific marker in BD but not MDD, [40].Thus further exploration into emotion processing
disruption and neural mechanisms for MDD is necessary.

Structural and functional impairments within regions of the dorsal system, associated with
impairments in executive function and effortful regulation of emotional behavior, may
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perpetuate these phenomena, setting stage for lingering depressed mood and anhedonia. As
an example, reappraisal ability of emotion stimuli is found to be impaired in depressed
individuals. Patients seemed to have deficits in prefrontal-amygdala modulatory network
during both up-regulation and down-regulation of emotion [41]. Other studies suggest that
overregulation of the amygdala by the ventromedial prefrontal cortex/ orbitomedial prefrontal
cortex may lead to diminished amygdala responsiveness to happy faces in unipolar depressed
patients [40, 42]. This could partly explain a generalized emotional hypoactivity in major
depression.

3.2.1. Typical use of emotion regulation strategies

In the last decade, researchers have focused on the habitual use of specific strategies, examining
the relation between use of adaptive and maladaptive strategies and psychopathology [43].
This line of research provides evidence that depressed individuals show a more dysfunctional
use of emotion regulation strategies than controls. Maladaptive strategies (rumination,
suppression), compared to adaptive strategies (reappraisal, problem-solving), were more
strongly associated with depressive symptoms [44].Across both male and female groups,
higher reports of self-blame, rumination and/or catastrophizing as strategies were strongly
related to higher depression scores, whereas higher reports of positive reappraisal were related
to lower depression scores[45].Moreover, these deficits are not limited to the acute phase but
are also a risk factor for the development of recurrent depressive episodes[46].MDD patients
reported increased suppression of both negative and positive emotions. Suppression of
negative and positive emotions was related to depressive symptoms. Results demonstrated
that suppression produced short-term reductions in sadness, while for moderate and higher
levels of anxiety about the experience of depressed mood suppression was no longer effec‐
tive[47]. The explanation for why MDD patients suppress emotions might be the fear of strong
emotion [48].

Past research has also paid attention to potential cultural and gender differences in emotion
regulation [49]. For instance, the association between the use of reappraisal and depressive
symptoms was significantly stronger in the Korean compared to the US sample. In contrast,
the association between anger suppression and depressive symptoms was significantly
stronger in the American compared to the Korean sample[50].Due to these factors leading to
individual differences of ER, examining individual differences in the habitual use of emotion-
regulation strategies may have remarkable potential to clarify emotion regulation (ER) models
of MDDs[35].Recent findings suggest that individual differences in the use of emotion-
regulation strategies play an important role in depression, and that deficits in cognitive control
are associated with the use of maladaptive emotion-regulation strategies in this disorder.

3.2.2. Experimental manipulated emotion regulation

Some researchers study emotion regulation by instructing participants to engage in particular
emotion-regulation strategy in response to an emotion eliciting stimulus and then observing
the effects on participants ‘subsequent emotions, cognitions, or physiological responding.
Most of these studies have been conducted on the implementation of adaptive strategies, and
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this area clearly should be a focus of future research on ER in this disorder [43].Reappraisal is
an adaptive emotion regulation strategy which involves the utilization of cognitive control to
regulate semantic representations of affective stimuli. Findings are mixed when it comes to
the question whether depressed people differ from their no depressed counterparts in their
ability to reappraise. We inspect the role of self-perspective in reappraisal process of depressed
patients in terms of goals (valence/arousal) and tactics (detachment/immersion). The results
were that impaired modulatory effects of amygdala in depressed patients are compensated
with strengthening cognitive control resources, with dissociable effects for different self-
perspectives in reappraisal. This may help clarify the role of self-perspective underlying
reappraisal in major depression [41]. We also found that depressed patients but not healthy
controls enhanced their positive emotions while recruiting behavioral activation system
(drive) underlying bilateral DLPFC. This may suggest a lack of control resources during
generating positive emotion for depressed individuals, who are consequently more dependent
on compensatory recruitment of control areas. Thus amplification of positive affect could be
more difficult for depressed patients. These results fits nicely with the previously mentioned
findings by Werner-Seidler et al.(2013) and Beblo et al. (2012) that depression is associated with
fear of emotion and apprehension about experiencing intense emotion [51, 52].

3.2.3. Dispositional/ spontaneous emotion regulation

Depression-vulnerable individuals might also be expected to abnormal in their spontaneous
use of particular forms of emotion regulation when depressed [53]. Habitual styles of emotion
regulation may determine the automatic regulation pathway suggested by Phillips et al. (2008)
[54]. Conversely, there was also evidence that unconscious emotion-regulation processes may
interplay with conscious emotion-regulation processes to affect mental health [55].The
paradigm of conscious emotion regulation was also problematic because participants may
have underreported or inaccurately recalled their application of regulation strategies. Ehring
et al proposed that spontaneous but not instructed emotion regulation play a more critical role
in depression vulnerability [53].Thus it would be necessary to examine the relationships
between emotion-regulation strategies and psychopathology simultaneously at the disposi‐
tional and state level.

3.3. Emotion regulation: associations with affective style

It was reported that affective style reflecting approach and inhibition might interact with ER
strategies to influence depressed mood [56]. Some researchers have suggested that depression
is associated with a reduced sensitivity to reward and an increased sensitivity to punishment
[57]. Moreover, to reappraise stimuli as appetitive/ aversive is inherent in cognitive control
process of emotion according to Gross’s model of cognitive control of emotion (MCCE) [58].
Our results revealed that an altered motivational pattern of BAS hypoactivity and BIS
hyperactivity [59]with overlapping prefrontal circuits with reappraisal, would differentially
affected the neural responses underlying reappraisal. And BIS/BAS measures were associated
with prefrontal/ amygdala activation during immersion but not detachment. Consequently,
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with prefrontal/ amygdala activation during immersion but not detachment. Consequently,
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high self-focused cognitive and ruminative tendency (particularly negative) for emotion
regulation of depressed patients was implied.

To examine the abnormal resting state functional connectivity in major depression, fALFF were
compared between groups using REST and further correlated with BIS/BAS in SPSS18.0. In
controls, fALFF of right cerebellum was negatively correlated with BIS, fALFF of left medial
frontal gyrus were negatively correlated with BASD. In MDD, fALFF of left median frontal
gyrus was positively correlated with BASF. Conclusions The abnormal fALFF pattern of MDD
was identified in default mode network and mood regulation circuit, and correlated with BIS/
BAS index [60].

To conclude, there has been a long tradition of treatment for depression targeting emotion
regulation malfunction. Different types of psychotherapy modulate aberrant emotion by
engaging different but interacting pathways for emotion regulation. One promising therapy
of Neurofeedback is attractive that it enables the patients themselves to voluntarily control
their brain activity which increases their self-efficacy, which is an important therapeutic factor
in many neuropsychiatric disorders [61]. During real-time fMRI-NF (Neurofeedback) training,
participants receive feedback on their brain activity in real-time and are instructed to change
this activation by instruction or imagery.

4. Over-generalization of autobiographical memory in depression

4.1. What is over-generalization of autobiographical memory?

Are you often absorbed in your happy reminiscences, such as your first date scene, or some
bad moments like the day you lost your beloved dog? The specific reminiscences of past events
you ever experienced or even more conceptual, self-related information are all called auto‐
biographical memory [62].

You may have realized that autobiographical memory is just like a great album keeping our
own moments important or not, some of which may influence us forever. Autobiographical
memory is critical to the human experience, the influence of which mainly embodies in three
aspects. First, it plays a key role in creating a sense of self and identity. Individuals could switch
to their past times from the current time in the subject time dimension. Second, autobiograph‐
ical memories serve as important guides for the future. As records of personal past experiences,
such memories provide reminders of the lessons learned from them, thereby helping them‐
selves or others to solve similar problems in the present or to plan for future action [63]. Third,
it could help to reinforce social connection. For example, unfamiliar people can create trust
and closeness with each other quickly by sharing similar life experiences.

Since Williams and Broadbent first described the overgeneral autobiographical memory
(OGM) phenomenon using the Autobiographical Memory Test (AMT) to assess the specificity
of autobiographical memory in the study of suicidal patients, a series of researches have
replicated this phenomenon, indicating that OGM is a trait marker, as a predictor of the course
of depression.
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Autobiographical memory is defined as a memory of an event that occurred to him or her at
a particular time and place and lasted less than one day (e.g., “my wedding ceremony”). In
contrast, overgeneral autobiographical memories include categorical memories that refer to a
class of generic events (e.g., “parties with my friends”) and extended memories that refer to
an event lasting more than one day (e.g., “when I was on vacation last month”). Individuals
with depression or trauma-related anxiety disorder, such as posttraumatic stress disorder
(PTSD) usually exhibit OGM that is more general memories, less specific memories.

4.2. Mechanisms underlying OGM

Conway and his colleagues proposed Self Memory System (SMS) model in respect of auto‐
biographical memory(Conway & Pleydell-Pearce, 2000). It is supposed in this model that
autobiographical memory representation is a continuous hierarchy(see Figure 2), ranging from
1) more broad, conceptual themes in the life story such as “work theme”, “relationship theme”,
to 2) lifetime periods (e.g., “my studying time in college”),to 3) general events (e.g., “parties
with friends”), to 4) event-specific knowledge (i.e., specific episodic memories, such as “the
party with my friends on the day of our graduation”) containing information about the sensory
and perceptual aspects of unique events. A successful specific memory need to reach to the
4th level of the hierarchy (i.e. event-specific knowledge), usually via two processes: generative
retrieval or direct retrieval. Generative retrieval is a top–down process down the SMS model
hierarchy from the life story to event-specific knowledge bases one by one to specify the desired
memory recollection. This course may take some efforts for individuals. In contrast, direct
retrieval could be realized when event-specific knowledge is activated by cues in the environ‐
ment, much easier than the former form of retrieval. More conceptual, intermediate represen‐
tations (e.g., general events) are often activated during the early stages of generative retrieval
that correspond to overgeneral memories.

Based on the Self Memory System model, the CaR-FA-X model was developed by Williams
and colleagues to explain the mechanisms of OGM (see Figure 3). This model postulates that
OGM results when the generative retrieval search process is aborted prematurely as a result
of one or more of the three proposed mechanisms [64]. Three mechanisms delineated in the
model may underlie OGM: capture and rumination, functional avoidance, and impaired
executive control.

Capture and rumination are thought to occur when conceptual self-relevant information
activates ruminative processes during retrieval, thereby “capturing” cognitive resources and
disrupting the retrieval search. As we know, autobiographical memory is a kind of self-
relevant long-term memory. Its retrieval is based on self-representation. It’s common that
depressed individuals have negative self-schema, which could easily activate emotional
conceptual self-representation and ruminative processes. Therefore, more abstract, conceptual
negative information corresponding with self-representation could be much more easily
captured by the activated emotional self-representation. More cognitive resources might have
been exhausted, resulting in insufficiency of cognitive resource available to access event-
specific knowledge base.
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Functional avoidance refers to when the retrieval of specific memories is passively avoided
as a means of affect regulation, and it is thought to occur in response to early trauma. It is
hypothesized that specific details in memories could bring emotional distress about aversive

Figure 2. Hierarhcy of autobiographical memory representations From“Memory and the Self,” by M. A. Conway, 2005,
Journal ofMemory and Language, 53, p. 609. Copyright 2005 by Elsevier

Figure 3. The CaR-FA-X model Three processes contributing to overgeneral memory-capture and rumination (CaR),
functional avoidance (FA), and impaired executive capacity and control(X)-can each have effects on cognition and be‐
havior,either independently or through their individual or combined effect on autobiographical memory. by Williams,
2007,Psychological Bulletin, 133, p.141. Copyright 2007 by the American Psychological Association
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experiences, the passive avoidance of which might reduce emotional distress to some extent.
It sounds reasonable when the depressed people retrieve memories with negative cues.
However, it cannot explain why the depressed people also exhibit OGM when retrieving with
positive or neural cues.

Impaired executive control refers to when deficits in executive resources limit the ability to
conduct a successful retrieval search. As mentioned, successful specific autobiographical
memory retrieval involves strategic search processes that allow for current goals, the recovery
of memory traces involving a rich sense of re-experience, and monitoring and other control
processes [65]. Once executive control ability is impaired, it is hard for individuals to fulfill the
AM task.

These mechanisms are hypothesized to contribute to OGM, alone or in interaction.

4.3. Instruments to measure OGM

As mentioned above, AMT designed by Williams has been regarded as a standard method to
assess overgeneral autobiographical memory. On the AMT, individuals are usually visually
or auditorially presented with cue words of different valences, and are asked to produce a
specific memory and relevant details as many as possible related to the cue word within a
given limit time (e.g., 30 s, 1min). Williams summarized that by using AMT, eleven studies
had examined the specificity of memory in people suffering from major depressive disorder
(MDD) [64]. He made a conclusion that almost all the studies successfully replicated overgen‐
eral memory in depression.

However, Raes found the Sentence Completion for Events from the Past test (SCEPT), another
method to measure OGM, more sensitive in non-clinical population, relative to AMT [66]. The
SCEPT comprises several sentence stems (e.g. ‘When I think of...’’). Participants are instructed
to complete the sentence stems with their past experiences. Further they found that the
omission of the instruction to be specific was the probable reason to the enhanced sensitivity.
Standard AMT usually had a much more detailed instruction, which may influence individ‐
uals’ original autobiographical memory retrieval styles so as to decrease the sensitivity. So in
our research we aimed to check the sensitivity of AMT without instruction, SCEPT, standard
AMT and SCEPT with Specificity Instruction (SCEPT-SI) among Chinese healthy individuals
or individuals with depressive mood. The results showed that under SCEPT without an
explicit instruction, there was no significant difference between the mean proportions of
general memory in the two groups (t=0.52, P>0.05), which was not associated with the BDI
scores(r=0.96, P>0.05). Under AMT without explicit instructions, the mean proportion of
general memory in the depressed mood group (DM) was significantly higher than that in the
healthy control (HC) group (t=3.86, P<0.01), which was associated with depression
scores(r=0.40, P<0.01). When the instruction was explicit, for the mean proportion of general
memory on SCEPT-SI and the standard AMT, there were no significant difference between the
two groups (P>0.05),and both of which were not associated with depression scores(respec‐
tively, r=-0.04, r=0.09, P>0.05). The conclusion in our research is that the sensitivity of AMT
without explicit instruction was higher than that of standard AMT, which is in line with the
previous finding Filip Rase et al [67]. However, that the sensitivity of SCEPT was higher than
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that of AMT without specific instruction was not found in the results. In this research, it was
also suggested that SCEPT not sensitive for the non-clinical population to assess their over‐
general autobiographical memory.

4.4. Neural correlates and main processes of autobiographical memory

Just try to remember the last time you went to the bookstore. If it happened long ago, you
should take more effort to search it in your brain. The constructive processing would be guided
by the semantic information (e.g. Bookstores), and about your own life favor (e.g. I like
bookstore with an awesome environment), even about inferential processes (e.g. I went with
my roommate. He also loved reading). As the course went by, the memory that mostly fit into
the requirement would be constructed. However, you should correct some incorrect informa‐
tion (e.g. the last time I went to the bookstore alone for receipt, rather than reading). At last, I
could remember much detail about spatio-temporal, sensory and perception information and
so on. Tulving supposed that autobiographical memory retrieval is a dynamic course [68].
When asked to begin a specific memory task, a participant should search relevant information
in his/her autobiographical memory knowledge base in order to recover memory traces. At
the same time, the participant should suppress irrelevant information, clarify uncertain
information, and even correct the wrong. Once successfully constructed, the memory retrieval
then moved to the elaboration phase to get as much detail as possible.

Functional neuroimaging studies have detected the neural correlates of autobiographical
memory retrieval. Cabeza reviewed previous studies and summarized that the main processes
of autobiographical memory retrieval may encompass constructive processes, monitoring
processes, self-referential processes. And he also pointed out some characteristics of autobio‐
graphical memory (emotional processes, vividness, and remoteness). As to the neural corre‐
lates for each process: left lateral prefrontal cortex is associated with the constructive processes,
and ventromedial PFC with monitoring processes, medial PFC associated with self-referential
processes, amygdala associated with emotion processes, visual cortex associated with the
vividness of AM, hippocampus associated with remoteness of AM[69]. Similarly, St. Jacques
used independent component analysis (ICA) and found four separate neural networks
supporting AM retrieval: medial prefrontal cortex (MPFC) network, associated with self-
referential processes, medial temporal lobe (MTL) network, associated with memory, fronto-
parietal network, associated with strategic search, and cingulo-operculum network, associated
with goal maintenance [70]. Based on the results of normal healthy population, it is believed
that OGM in depression probably has a close relationship with the failure in the main processes
alone or in interaction. Lemogne proposed two modes of elevated MPFC activation in major
depression, which may embody automatic aspects and strategic aspects of depressive self-
focus respectively [71]. Dalgleish proved that depressed individuals exhibit OGM with
impaired executive control ability in a series of behavioral experiment [72]. Whally discovered
three regions of the prefrontal cortex: right inferior frontal gyrus, right middle frontal gyrus
and left inferior associated with cognitive, emotional, and memory inhibition influencing
specific autobiographical memories retrieval in depression using fMRI during an autobio‐
graphical memory task [73].
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4.5. Application area

Research on OGM in depression is attracting increasing attention. Not only could it be a new
and promising way to further discover the machanisms of depression, but it could provide a
new target for treatment. As mentioned at the beginning, OGM is a trait marker as a predictor
of the course of depression, which might be an important part in the early-warning and
diagnosis of depression in future.

New cognitive traning has more recently been applied to a wide range of neuropsychiatric
illnesses. One of which AM specificity training as a target-based tool to overcome OGM has
already been paid attention and is expected to an effecitve method to cure depression.

Further research should deal with the neurocognitive mechanisms of OGM in depression. First,
mechanisms of autobiographical memory and over-generalization of autobiographical
memory call for further exploration. There is still no study to control one or more AM
components directly to identify the role of each process in the course of AM retrieval. More‐
over, if any molecular biological marker about AM was found, it would be helpful to targeted
medication to depression. Second, more researches should be conducted on the effective
cognitive traning methods like AM sepecificity training, which is beneficial to both treatment
and discovery of mechanisms of OGM in depression.

5. The disturbed interface between cognitive control and emotion
processing

Major depressive disorder is characterized by a negative cognitive bias or schema, in which
depressed patients are prone to negative perception bias or show difficulty in disengagement
from depression-related information[74] or diminished capacity to experience pleasure
(anhedonia). Although numerous studies have examined the neural basis underlying the
negative cognitive bias of depression, the mechanisms remain unclear. In general, the negative
cognitive biases in depression are facilitated by increased influence from subcortical emotion
processing regions combined with attenuated top-down cognitive control.

5.1. Excessively emotion-processing

Previous study focused on the bottom-up emotion-processing (most notably the amygdala
and fusiform gyrus) to explore the neural mechanism of depression. The hyperactivity of
amygdala and fusiform gyrus is obviously correlated with the bias reflects excessive bottom-
up responses to negative stimuli.

The amygdala, a brain structure which is involved in detecting emotion (for example, salience
detection), interprets and maintains the emotional quality of the stimulus. Amygdala activity
increases in healthy individuals during processing of emotional information. Compared to
healthy controls, individuals with depression show increased activity during the perception
and evaluation of, and response to negative emotion-inducing stimuli. Recent studies explored
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the behavioral characteristics and neural mechanism with a validated emotional face-matching
task[75]. Although both MDD and HC groups were not significantly different in RT and
percent correct for faces, or shapes, the MDD relative to HC subjects showed increased activity
in bilateral extended amygdale during performance of a validated emotion-processing task.
Besides, the MDD showed more task-related co-activation of the subgenual cingulate, which
is involved in processing negative self-referential information; and less co-activation of the
supragenual cingulate, which is involved in the cognitive control of emotion. Greater depres‐
sive symptom severity correlated positively with decreased FC between bilateral extended
amygdala (EA) and supragenual cingulate in MDD subjects. Furthermore, the increased
amygdala reactivity to negative stimuli is not only found in MDD, but also in BD (Bipolar
Disorder) [76]. Other studies also indicated that amygdala hyperactivity is a neural substrate
of biased attention [77, 78] and biased memory for negative stimuli[79]. Similar result was
found in unmedicated remitted depressed individuals. Following sad mood induction,
bilateral amygdala response during encoding of valenced words predicted increased recall of
negative self-referent words for a subset of remitted depressed participants[80]. This associa‐
tion was not present before the sad mood induction and was not evident in individuals without
a history of depression, regardless of mood state. These results suggest a role for amygdala in
modulating mood-congruent memory during transient sad mood in individuals vulnerable to
depression relapse.

Besides amygdala, the negative cognitive bias also linked to deficits in fusiform gyrus. Using
event-related fMRI, neural responses to happy and sad facial expressions were measured in
healthy individuals and individuals with major depressive disorder [78]. The study indicated
that depressed but not healthy individuals demonstrated linear increases in response in right
fusiform gyrus to expressions of increasing sadness. Besides, similar results was found in the
neural responses of high-risk population of depression compared to low-risk group (by virtue
of high and low neuroticism scores; high-N group and low-N group respectively) during the
presentation of fearful and happy faces using fMRI [81]. The results indicated that the high-N
group demonstrated linear increases in response in the right fusiform gyrus and left middle
temporal gyrus to expressions of increasing fear, whereas the low-N group demonstrated the
opposite effect. Besides, the high-N group also displayed greater responses in the right
amygdala, cerebellum, left middle frontal and bilateral parietal gyri to medium levels of fearful
v. happy expressions. Furthermore, the activation during negative emotional response in right
fusiform gyrus reduced after antidepressant treatment.

Excessively emotion-processing models have established that the bias reflects excessive
bottom-up responses to negative stimuli[74], linked to hyperactivity in the limbic regions, such
as amygdala, fusiform gyrus. Individuals with depression show increased activity during the
perception and evaluation of, and response to negative emotion-inducing stimuli. Therefore,
they experience further negative emotion, leading to more profound depression.

5.2. Impaired cognitive control

Previous study also focused on a diminishing the top-down cognitive control (most notably
prefrontal cotex) to explore the neural mechanism of depression. This attenuation in cognitive
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control seems to be region specific (for example, the MPFC for self-referential schemas, the
DLPFC for rumination and biased processing and the VLPFC for biased attention) and curbs
the top-down relationship (through the ACC and thalamus) with pertinent subcortical regions.

Compared to healthy subjects, subjects with midlife major depression showed a failure of
hippocampal and anterior cingulate activation underwent positron emission tomography
imaging during a control task and verbal encoding of a paragraph[82]. Another study explored
relationships between amygdala and DLPFC activity during emotional and cognitive infor‐
mation processing in unipolar depression [83]. The results indicated that depressed subjects
displayed decreased DLPFC activity on the digit-sorting task. It is consistent with previous
studies[76]. Besides, one study recorded 128-channel event-related potentials while study
Patients with MDD and healthy comparison subjects performed a Stroop task, modified to
incorporate performance feedback[84]. The results indicated that unmedicated patients with
MDD showed reduced accuracy and potentiated error-related negativity immediately after
committing errors, highlighting dysfunctions in the automatic detection of unfavorable
performance outcomes, and abnormal reaction to committing errors was accompanied by
hyperactivation in rostral ACC and medial PFC regions 80 milliseconds after committing
errors and a failure to recruit dorsolateral PFC-based cognitive control, which is consistent
with previous results.

Impaired cognitive-control models have pointed out that the bias reflects impaired top-down
cognitive control[85, 86], linked not only to reduced activities in cortical regions, including
DLPFC, anterior cingulate cortex (ACC), and rostral ACC[84, 87, 88], but also to reduced N450
and N200 amplitudes[84]. To maintain the same level of performance as healthy subjects,
individuals with major depression need increased effort to recruit more cerebral resources,
suggesting that depression may impair the top-down cognitive control capacity of afflicted
patients. With limited top-down cognitive control from the PFC, the consequences of malad‐
aptive bottom-up activity persist, including enhanced amygdala reactivity (which contributes
to biased attention and cognitive processing).

5.3. The disturbed interface between cognitive control and emotion processing

As noted earlier, some studies may explain the cause of depression from the perspective of
abnormal emotional processing or impaired cognitive control. However, it is unclear whether
emotional processing and cognitive control affect the negative cognitive bias independently
or reciprocally. To answer this question, a number of researches have been carried out. Siegle
et al. reported increased activity in the amygdala in response to personally relevant negative
words (personal relevance rating of words) and dorsal lateral prefrontal cortex (DLPFC)
hypoactivity in a cognitive control task (digit sorting)[83]. However, because the two tasks are
carried out separately, it is difficult to observe how emotion processing interacts with cognitive
control. Subjects were asked to respond to several targets in the context of emotional or neutral
stimuli. They found that processing of emotional contexts could interfere with the processing
of cognitive control; emotional interference exerted a greater influence on depressed subjects.
However, Goldin et al. found that reappraisal (a strategy of cognitive control) was associated
with early (0–4.5 s) prefrontal cortex responses and decreased amygdala responses, suggesting
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aptive bottom-up activity persist, including enhanced amygdala reactivity (which contributes
to biased attention and cognitive processing).

5.3. The disturbed interface between cognitive control and emotion processing

As noted earlier, some studies may explain the cause of depression from the perspective of
abnormal emotional processing or impaired cognitive control. However, it is unclear whether
emotional processing and cognitive control affect the negative cognitive bias independently
or reciprocally. To answer this question, a number of researches have been carried out. Siegle
et al. reported increased activity in the amygdala in response to personally relevant negative
words (personal relevance rating of words) and dorsal lateral prefrontal cortex (DLPFC)
hypoactivity in a cognitive control task (digit sorting)[83]. However, because the two tasks are
carried out separately, it is difficult to observe how emotion processing interacts with cognitive
control. Subjects were asked to respond to several targets in the context of emotional or neutral
stimuli. They found that processing of emotional contexts could interfere with the processing
of cognitive control; emotional interference exerted a greater influence on depressed subjects.
However, Goldin et al. found that reappraisal (a strategy of cognitive control) was associated
with early (0–4.5 s) prefrontal cortex responses and decreased amygdala responses, suggesting
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that cognitive control played an important role in mediating emotional processing[89].
Notably, by combining emotional-processing task with cognitive-control task (emotion-
interference task), Fales et al. found that depressed patients showed hyperactivity in emotion-
processing regions, including the amygdala, and in cognitive-control regions, including the
DLPFC and dorsal anterior cingulate cortex (ACC). Their results suggest that these processes
might interact with each other[89]. Although more attention was paid to activity alterations in
emotion-processing and cognitive-control regions in Fales’ study, the relationship between
bilateral emotion processing and bilateral cognitive-control regions was somehow ignored.

Therefore, we took bilateral amygdala as regions of interest (ROIs) to determine the relation‐
ship between bilateral emotion-processing and bilateral cognitive-control regions[90]. The
results indicated that depressed patients showed abnormal activities in bilateral amygdala and
the right DLPFC. In addition, a significant correlation was found between the right amygdala
and the right DLPFC when subjects observed the happy faces. The results suggest that the
dysfunction in positive emotion-processing and cognitive-control regions may reciprocally
affect negative cognitive bias. Additionally, altered positive emotional interference processing
in the fronto-limbic brain circuitry might be another cause of negative cognitive bias that finally
leads to depression.

To sum up, depression is characterized by a negativity bias which is a stable factor of it. The
bias reflects enhanced bottom-up responses to affective stimuli, linked to deficits in amygdala
and fusiform gyrus function. Alternatively, the bias also reflects impaired top-down cognitive
control, linked to deficits in dorsolateral prefrontal cortex and anterior cingulate function. We
recommended a new hypothesis that the occurrence of depression is caused by interaction of
dysfunction in positive emotion processing brain regions and deficits in cognitive-control
brain regions.

6. Future trends and conclusion

In summary, several lines of research point to separate mechanisms (for example, over
generalized autobiographical memory, negative attention bias, abnormal emotion regulation,
deficits in cognitive control of emotion, negative appraisal and reappraisal), in individuals
with depression, that increase the salience of negative stimuli and decrease the salience of
positive or rewarding stimuli. As a result, a person with depression displays a cognitive bias
towards negative information and away from positive information, thus contributing to the
maintenance of a depressed mood state.

In parallel with existing neurobiological models of depression that focus on affective symp‐
tomatology, Beck’ s cognitive–neurobiological model suggests that cognitive biases in
depression are due to maladaptive bottom-up processes that are generally perpetuated by
attenuated cognitive control, and has provided an evidence-based framework to conceptualize
and treat major depressive disorder. While Beck’s cognitive model provides new features and
benefits to understanding the symptoms and underlying neural substrates for major depres‐
sive disorder. The mechanism of various components leading to depression is still vague.
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Future research should seek to identify which neurobiological mechanisms contribute to the
selective processing towards negative, and away from positive, environmental stimuli.
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1. Introduction

One way to better understand clinical disorders is to combine research from cognitive
experiments to dissociate information processing impairments for various conditions, such as
major depressive disorder. Ruminations, which are associated with depression, place an
increased load on basic cognitive processes, such as working memory and attention, which
are necessary for more advanced reasoning and problem solving. Research has revealed a
connection between performance decrements in an array of activities requiring effortful
processing, or processes that rely on working memory and controlled attention [1]. Depression
impairs such cognitive functions as verbal fluency [2,3], verbal memory [4], mental flexibility
[5], effortful processes and executive functions [6].

While working memory and attention are important contributing processes to fluid intelli‐
gence [7], mental processing speed also contributes to variance in higher level reasoning and
problem solving [8,9], yet little research has been devoted to understanding mental speed in
the depressed individual. Measures of mental processing speed can include reaction time for
decision making. For example, in a study by Kalb, Dorner, and Kalb (2006), depressed patients
were administered both simple and choice reaction time measures [10]. Depressed patients
were slower than control participants on measures using briefly presented stimuli. After
administration of antidepressants, the depressed patients showed decrease in reaction time,
linking the medication to better speed of processing, however, performance errors increased.
The results of this research indicate differences in information processing occurring very early
at the stage of pre-attentive processing.

Another way to examine mental speed and depression is to use inspection time measures [11].
Inspection time assessments entail manipulating the exposure duration of stimuli. Most
inspection time measures require a decision, such as auditory or visual discrimination of
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masked stimuli. Inspection time is considered to be an indirect measure of neural firing speed
in the brain, specifically for the processes necessary for an accurate decision. Individuals with
fast neural speed can make an accurate representation of the stimulus in less time, which could
facilitate subsequent decision making and problem solving. If depression is characterized by
slowed mental speed on inspection time measures, then decision making is also impaired.
Depressive symptoms, as characterized by the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-V), include feeling slowed down, fatigued, and inhibited
concentration and thinking [12]. According to cognitive slowing theory [13], depression is
linked to neural slowing in the brain, as opposed to the dysfunctional basal ganglia theory
proposed by Lohr and colleagues (2013), in which sluggishness in depression is due to motor
impairment, similar to Parkinson’s Disease in which mental speed is not impaired, only
movement [14]. Evidence for the later theory comes from a sample of patients with depression
that performed simple reaction time tasks that involved detection of a visual target. Patients
performed similar to controls on reaction time measures, however, still performed more poorly
on a number of movement measures [14]. A criticism of this research is the lack of variation in
mental speed measures used. It is possible that performance deficits are specific to the speeded
decision, for example detection versus discrimination judgments. Mental speed differences
could be associated with depression, but researchers need to examine a more expansive set of
mental speed paradigms.

Evidence for cognitive slowing has been found in a study by Tsourtos, Thompson, and Stough
(2002), in which inpatients with depressive disorder were compared with controls on visual
inspection time tasks using various sizes of lines [13]. Here, the depressed patients showed
decrements on mental speed tasks with exposure durations as short as 60 ms. The visual
inspection time measures required discrimination judgments for briefly presented lines.

The focus of the current research endeavor was to examine the potential relationship between
depression and mental speed using inspection time measures, and expanding the variation to
speeded detection, identification, and discrimination of letters presented at durations of 80 to
16 ms. Since inspection time for line discrimination was found to be impaired in depressed
patients [13], letter discrimination is also expected to be impaired in the current study. Since
the other measures, detection and identification, are unexplored, it is unknown whether they
will be impacted by depression. Unlike the existing research examining inspection time, this
study used a college student population, and self-report on the Beck Depression Inventory
[15]. It is important to examine the potential impairments in a non-clinical sample, especially
students, who must rely on peak cognition to maintain academics in a college setting.

2. Methods

2.1. Participants

The sample consisted of 217 college student participants from a highly selective liberal arts
college in the Midwest. Age ranged 18-23, with a gender distribution of 144 females, 73 males.
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Participants signed up online or called for individual appointments, and were given the option
of receiving monetary compensation or research credit in a psychology course, if enrolled.

2.2. Measures

Beck Depression Inventory. After a detailed demographic survey with medical history,
participants were given the computerized version of the mood inventory in a private setting
and were encouraged to work at their own pace. The BDI asks patients to respond to 21 scales
from 0-3. As an example item on the BDI, participants note which correspond to their life with
(0) I do not feel sad; (1) I feel sad; (2) I am sad all the time and I can’t snap out of it; (4) I am so
sad and unhappy that I can’t stand it. Scores range from 0-63, with 14-19 qualifying for mild
depression, 20-28 for moderate depression, and 29 and up for severe depression. Reliability of
the BDI is quite high, with a test-retest correlation of 0.93, and it also correlates with other
depression measures, indicating a reliable concurrent validity [15].

Snellen Test for Visual Acuity Screening. After informed consent each participant was
administered a visual acuity test using a standardized Snellen eye chart to identify individuals
with visual deficits, with a criterion of 20/20 vision required for inclusion in the mental speed
measures. Participants read letters of varying sizes (line by line). All participants were
informed prior to the session to wear corrective eyewear for this assessment.

Visual Inspection Time for Letter Detection and Identification. This computerized assess‐
ment measures two variables: accuracy for detection of briefly presented letters and accuracy
for the verbal identification of the letters present. Additionally this measure required partici‐
pants to identify letters appearing in the center of the computer screen for varying amounts
of exposure or “inspection” time, with the durations decreasing in trial blocks. There were a
total of 5 blocks, with each including 15 trials. For each block, 5 trials were “blank” trials in
which no letter appeared, while 10 trials contained a target letter. Each target letter was
presented twice within a block of trials, with the target letters including X, Z, H, K, and E, in
size 18 font. Prior to actual test trials the participants were provided with practice trials to
demonstrate, with a 500 ms inspection time. After practice, inspection time for the target letters
was 80, 50, 30, 20, and 16 ms, with blocks presenting inspection times for decreasing amounts
as the task continued.

For each trial a “Ready” screen appeared with a prompt for participants to self-initiate the trial
sequence. Once a trial was initiated there was a refractory period of 500ms. Next a forward
visual mask, a“#” sign, was displayed for 30 ms, followed by a potential letter presentation or
a blank screen for either 80, 50, 30, 20, or 16 ms, depending on the block. A backward visual
mask followed, which was another “#” sign for 300ms. The general perception in this task is
you must decide if a letter is present between the “#”. Presence of blank trials was random for
each specific inspection time block. Responses for letter detection were indicated by a key press
on a computer key pad, with designated keys marked (“1” for yes or “3” for no). If participants
indicated a letter was detected, the next instruction was to attempt to identify the letter by
choosing it on the keyboard. Feedback was provided on accuracy at the end of each trial.
Measures attained by this task are accuracy for detection and identification, for each presen‐
tation duration block (80-16 ms). Refer to Figure 1 for a representation of stimulus events.
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Figure 1. Inspection Time Event Sequence. The boxes represent the series of stimulus events that appear on the com‐
puter screen in the mental speed assessment for letter detection and identification. The target letter stimulus is embed‐
ded between the presentation of a forward and backward mask (#).

Visual Inspection Time for Letter Discrimination. A second computerized task for visual
inspection time was given to assess speeded discrimination. This assessment required
participants to decide whether two briefly presented letters pairs are comprised of same or
different letters. Similar to the detection/identification tasks, blocks included 15 trials, with
descending inspection time durations of 80, 50, 30, 20, and 16 ms. The target letter pairs were
XX, KX, EH, ZZ, or XK presented in size 18 font. Also, a practice block was provided in which
the target letter pair appeared for 500 ms. Trial parameters were similar to those in the initial
detection version, however, with the larger area of two letters, the mask was designed larger
(36 font) in order to mask the stimuli. Participants indicated a decision by pressing either “1”
for same or “3” for different.

2.3. Procedure

Participants were tested in individual appointments at the Kenyon College Cognition Lab, in
sound attenuated rooms, and were instructed to work at a comfortable pace. After completing
surveys, participants were screened on the Snellen Eye Chart. The participants then completed
the first computerized inspection time task for detection and identification. For the perform‐
ance measures, each participant was seated in a stationary chair 17 inches from the monitor to
control for visual angle. The participants then completed the first computerized inspection
time task for detection and identification, which lasted approximately 10 to 15 minutes. Then
after a break, a second computerized task was administered for discrimination. At debriefing,
participants were provided with contact information for counseling services in the local area
and encouraged to seek support if concerned about survey responses.

3. Results

3.1. Beck depression inventory

Scores on the BDI had a mean of 9.67, with a standard deviation of 7.87, a range of 0-39, and
high internal consistency with Chronbach’s Alpha of 0.895. BDI scores were positively skewed,
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with 92 participants qualifying for minimal depression, 97 for mild depression, 27 for moder‐
ate, and 5 for severe (see Figure 2 for participant frequencies on BDI categories). With so few
participants meeting criterion for severe depression, all subsequent analyses for hypothesis
testing compared those in both the moderate and severe group, giving a total of 32 in the
depressed group to compare with those not qualifying at that intense of a criterion level on
the BDI. For this sample, 14.75% fall into the category of moderate to severe depression.

Figure 2. Beck Depression Inventory Scores. Frequency of participants meeting criterion for each identified group on
the BDI assessment.

3.2. Inspection time measures

Letter Detection, Identification, and Discrimination Speed. Total performance for all
participants for each of the 3 inspection time measures is shown in Figure 3 (means and
standard error as a function of stimulus exposure duration). A General Linear Model ANOVA
with repeated measures, with a 3 x 5 within-subject design was used to examine how per‐
formance accuracy on the 3 speed measures varies with inspection time (80, 50, 30, 20, and 16
ms). There was a significant main effect of task type (F(2,209)=475.80, p <.001), as well as a
significant main effect of inspection time duration (F(4,209)=100.95, p <.001). A significant
interaction was present between task type and inspection time duration (F(8,209)=32.50, p <.
001). Refer to Figure 3 for data on all 3 speed measures. Note that the detection version has
much higher accuracy overall, with identification and discrimination having lower accuracy.
All tasks were significantly different from one another. Exposure time led to decreased
accuracy as it got shorter, and there seems to be a more drastic drop in identification on the 16
ms condition than the discrimination task. In summary, these findings are consistent with the
notion that the 3 inspection time measures are unique in that they measure different cognitive
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processes, and each has a unique relationship with exposure duration. Since the more difficult
processing would occur in the identification and discrimination versions, perhaps group
differences are more likely to appear in those tasks.

Figure 3. Inspection Time Measures. Mean accuracy with standard error bars for each inspection time task as a func‐
tion of stimulus exposure duration. Note the near ceiling performance on speeded letter detection, while the more
complex speed measures have lower accuracy.

3.3. Group performance data

Overall Inspection Time Accuracy. The central hypothesis was that mental speed, as meas‐
ured by performance accuracy on inspection time tasks, would be different for those meeting
criterion for severe depression on the BDI than those who did not meet criterion. Specifically,
those with depression were predicted to perform worse, at least for the discrimination speed
measure. A 3 x 2 General Linear Model ANOVA with repeated measures design was used
with 3 levels of task type (detection, identification, and discrimination) and 2 participant
groups (no diagnosis and moderate to severe depression). Refer to Figure 4 for mean accuracy
by group. A significant effect of test type was found, (F(2,203)=261.76, p <.001). Although there
was no significant main effect of participant group found on overall speed, (F(1,203)=1.58, p=.
21), there was a significant interaction between participant group status and test type,
(F(2,203)=3.93, p=.02), with post hoc analysis revealing a significant group difference for the
discrimination version only, with the depressed group performing worse (p <.05). More
specific analyses were conducted to examine group performance on each speed measure as a
function of inspection time below.
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Figure 4. Group Differences in Overall Inspection Time. Mean accuracy for 2 participant groups is depicted for all 3
visual inspection time measures with standard error bars. Note the difference in overall accuracy between the 3 tasks,
with accuracy being significantly lower on the identification and discrimination versions. Most notably, the partici‐
pants meeting criterion for severe depression on the BDI score significantly lower on the speeded discrimination task
in comparison to the non-depressed group.

Inspection Time for Letter Detection. Additional analyses were performed to examine
specific group data patterns across the 5 inspection time durations (80-16 ms) for each of the
mental speed assessments. A 2 x 5 General Linear Model Anova with repeated measures was
used to examine performance accuracy for all 2 participant types, (no diagnosis and moderate
to severe depression), as a function of inspection time intervals. The analysis resulted in no
significant main effect of diagnostic criterion on overall detection accuracy, (F(1,205)=.41, p=.
21). A main effect was found for inspection time duration, (F(4.205)=24.62, p <.001), with
accuracy dropping for all participants with shorter exposure durations. There was no inter‐
action between participant status and inspection time durations, (F(4,205)=.13, p=.97). Refer to
Figure 5 for means accuracy for groups across inspection times for the speeded letter detection
version.

Inspection Time for Letter Identification. Again, a 2 x 5 (group diagnostic status by inspection
time duration) General Linear Model ANOVA with repeated measures design resulted in no
significant main effect of group on accuracy overall, (F(1,205)=.053, p=.82), however there was
a main effect of stimulus exposure duration, (F(4,205)=74.11, p <.001), indicating that partici‐
pant accuracy decreased as the stimulus duration decreased. No significant interaction was
found, (F(4,205)=1.46, p=.21) between group and duration on accuracy for identification of
letters. Figure 6 shows the highly similar performance pattern between the 2 groups on
speeded letter identification. Although the depressed group is actually better at 80 ms at the
beginning of the task, no performance differences occur afterward.

Inspection Time for Letter Discrimination. A final 2 x 5 (group by exposure time) General
Linear Model ANOVA with repeated measures did result in a significant main effect of
diagnostic group with the depressed group performing worse, (F(1, 203)=5.13, p=. 025), as well
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as a main effect of exposure duration (F(4,203)=22.16, p <.001), indicating that participant
accuracy decreased as the stimulus duration decreased. Similar to the data pattern with the
other inspection time measures, there was no significant interaction between group and
stimulus duration, (F(4,203)=.43, p=.79). Refer to Figure 7 for speeded letter discrimination
accuracy by participant group and inspection time. Post hoc analyses reveal the two groups

Figure 5. Inspection Time for Letter Detection. Mean accuracy for letter detection as a function of exposure duration
is shown with standard error bars.

Figure 6. Inspection Time for Letter Identification. Mean accuracy for letter identification as a function of inspection
time is presented with standard error bars.

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms140



as a main effect of exposure duration (F(4,203)=22.16, p <.001), indicating that participant
accuracy decreased as the stimulus duration decreased. Similar to the data pattern with the
other inspection time measures, there was no significant interaction between group and
stimulus duration, (F(4,203)=.43, p=.79). Refer to Figure 7 for speeded letter discrimination
accuracy by participant group and inspection time. Post hoc analyses reveal the two groups

Figure 5. Inspection Time for Letter Detection. Mean accuracy for letter detection as a function of exposure duration
is shown with standard error bars.

Figure 6. Inspection Time for Letter Identification. Mean accuracy for letter identification as a function of inspection
time is presented with standard error bars.

Major Depressive Disorder - Cognitive and Neurobiological Mechanisms140

are significantly different on all conditions of the discrimination version except the initial 80
ms condition (p <.05).

Figure 7. Inspection Time for Letter Discrimination. Mean accuracy is presented, along with standard error bars for
accuracy at discriminating simultaneously presented letter pairs. Depressed participants are lower in accuracy in all
conditions with inspection times shorter than 80 ms.

4. Discussion

Results of this study confirm that individuals reporting symptoms of moderate to severe
depression, based on the Beck Depression Inventory criterion, do have impaired mental speed,
as measured by the discrimination version of the inspection time measure. By including the
additional speed measures for detection and identification, the goal was to see if depression
would also be associated with changes in the more basic speed measures.

This finding is consistent with previous research using patient samples [13]. Speeded discrim‐
ination is a standard paradigm for inspection time measurement, is widely used, and has been
found to be sensitive to participant variables, such as age and other diagnostic criteria, and
has now been found to be sensitive to depression symptoms.

With multiple studies now concluding that depressive disorder is associated with impairments
in mental processing speed, it is important to focus on why the relationship exists. Based on
both the description in the DSM-V, and reported symptoms of patients and volunteer partic‐
ipants, the experience of depression is that of feeling slowed, lethargic, and fatigued. In this
sense, depression may be categorized by a general nervous system slowing in the brain, which
impacts neural firing necessary for processing briefly presented stimuli, (as measured by the
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inspection time tasks). A depressed individual needs more time with the stimuli in order to
make an accurate decision about features. It may possibly take more time to form an accurate,
detailed representation of stimuli when depression is more severe. The findings of this study
are consistent with the cognitive slowing hypothesis [13], in which mental speed is disrupted,
and in turn, may lead to psychomotor slowing. Another possibility is that depression, as a
ruminative disorder, like anxiety, leads to detriments in working memory and attention, which
in turn, leads to difficulty on any cognitive assessment that requires sustained or heightened
focus. Since we know that depression and anxiety are both ruminative conditions, it would be
beneficial to examine how these two disorders are related to mental speed. No research has
yet been conducted on anxiety (state or trait) and mental speed. Dissociation in group
performance, based on either depression or anxiety disorder would indicate that the two mood
disorders may be unique in associated cognitive impairments, while similar performance
decrements would indicate that the rumination hypothesis, which puts load on working
memory and focus of attention, might be why depressed individual are showing impaired
discrimination speed. The challenge in conducting such a study would require an adequate
sample size to compare mental processing speed for depressed, anxious, and perhaps a
comorbid depression-anxiety group, along with a comparison group that has no mood
diagnosis. High rates of comorbidity exist between anxiety and depression [16], and studies
place the rate of individuals diagnosed with both depressive and anxiety disorders at over 50
percent [17]. Individuals with anxiety and depression comorbidity experience more severe
levels of symptoms associated with both conditions [18]. Comorbidity results in not only
greater severity of symptoms, but also less effective treatments and treatment outcomes [19]
and greater impairment of functioning [20]. The neural effects of the comorbidity of the two
disorders have gone relatively unstudied, and gaps exist in literature addressing cognitive
functioning in individuals with both anxiety and depression symptoms.

What some may identify as a central limitation of this study, the student sample, may also be
considered a strength. The participants had to meet strict academic criterion to enroll in a
selective private liberal arts college, and should score high in intelligence and reasoning. Even
though the sample is not comprised of patients in clinical treatment institutions, differences
in performance are consistent with previous findings [13], and it is likely that depression
symptoms and cognitive deficits should be exacerbated in a more representative community
or patient sample. Even with a seemingly healthy, capable subject pool, moderate to severe
symptoms are associated with reduced mental speed performance. We assume that the
differences found in discrimination speed would have a larger effect size with a sample more
representative of the general public. Since there were only 5 individuals meeting criterion for
severe depression, the fact that moderate depression symptoms yield impaired discrimination
speed performance is an indication that one does not need to be an extreme case or patient in
a clinic in order for cognition to be impaired. It is also important to note that with a patient
sample, clinicians may be more able to assess the length of the depressive episodes and possibly
gather more information as to whether depressed symptoms are a first time experience or
related to isolated events, and thus attributed to state depression as opposed to trait depres‐
sion. Knowing if the depression is a first time episode may also be critical to determine because
research has shown that the first incidence may not impair cognition on a visual search
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inspection time tasks). A depressed individual needs more time with the stimuli in order to
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greater severity of symptoms, but also less effective treatments and treatment outcomes [19]
and greater impairment of functioning [20]. The neural effects of the comorbidity of the two
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functioning in individuals with both anxiety and depression symptoms.

What some may identify as a central limitation of this study, the student sample, may also be
considered a strength. The participants had to meet strict academic criterion to enroll in a
selective private liberal arts college, and should score high in intelligence and reasoning. Even
though the sample is not comprised of patients in clinical treatment institutions, differences
in performance are consistent with previous findings [13], and it is likely that depression
symptoms and cognitive deficits should be exacerbated in a more representative community
or patient sample. Even with a seemingly healthy, capable subject pool, moderate to severe
symptoms are associated with reduced mental speed performance. We assume that the
differences found in discrimination speed would have a larger effect size with a sample more
representative of the general public. Since there were only 5 individuals meeting criterion for
severe depression, the fact that moderate depression symptoms yield impaired discrimination
speed performance is an indication that one does not need to be an extreme case or patient in
a clinic in order for cognition to be impaired. It is also important to note that with a patient
sample, clinicians may be more able to assess the length of the depressive episodes and possibly
gather more information as to whether depressed symptoms are a first time experience or
related to isolated events, and thus attributed to state depression as opposed to trait depres‐
sion. Knowing if the depression is a first time episode may also be critical to determine because
research has shown that the first incidence may not impair cognition on a visual search
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paradigm [21]. The value of examining a student population is that the sample requires good
cognition for everyday problem solving related to the goal of achieving a diploma. Therefore,
any problems that are observed with basic cognitive processes are notable, as they may be
associated with difficulty in higher-order decision making and reasoning necessary to
complete assignments for courses.

Although participants provided only self-reported symptoms for depression, the findings are
consistent with other research using undergraduate samples and self-reported data on the BDI
finding cognitive impairments [22], as well as research using patient populations that have
been assessed for depressive disorder via a structure diagnostic interview from a clinician [13].
Results of a study comparing medicated and non-medicated patients with depression indicate
that both show impairments in relation to non-patient controls, however, those who were
medicated performed better than those not [13]. Future research should examine potential
changes in performance before and after medication as a treatment to better understand the
potential for intra-individual improvements in mental speed. Findings of the current research
with student samples indicate that this population is also vulnerable to depression and
cognitive impairment, and thus administrators and educators should be aware that young
adult college students also suffer, and that the impact may be seen in academics.
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